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PREFACE 


The  work  reported  herein  was  conducted  by  the  US  Army  Engineer  Waterways  Experiment  Station 
(WES),  Environmental  Laboratory  (EL),  for  the  Office,  Chief  of  Engineers  (OCE),  US  Army,  under 
DA  Project  No.  4A762730AT42,  Task  Area  B/E5,  Work  Unit  002.  Dr.  C.A.  Meyer  and  MAJ  Denton 
Brown,  DAEN-ZCM,  were  the  OCE  Technical  Monitors.  This  research  was  conducted  under  the 
AirLand  Battlefield  Environment  Thrust.  The  purpose  was  to  identify  factors  in  the  environment  in¬ 
fluencing  the  amount  of  dust  lofted  from  explosive  bursts  of  various  sizes.  These  studies  were  con¬ 
ducted  in  April  and  August  1983  at  Fort  Carson,  Colo. 

In  the  April  1983  exercise,  US  Army  Atmospheric  Sciences  Laboratory  personnel  performed  the 
tasks  of  test  layout  and  meteorological  and  dust  data  collection;  WES  personnel  provided  crater  and 
soil  characterization  and  photographic  coverage.  In  the  August  1983  exercise,  a  WES  contractor, 
PEDCo  Environmental,  Inc.,  devised  and  executed  the  dust  sampling  program. 

Mr.  James  B.  Mason  of  the  Environmental  Analysis  Group  (EAG),  Environmental  Systems  Divi¬ 
sion  (ESD),  EL,  directed  the  April  exercise;  Mr.  Randall  R.  Williams,  EAG,  directed  the  August  exer¬ 
cise.  The  report  was  prepared  by  Ms.  Katherine  S.  Long  and  Mr.  Williams,  EAG,  and  by  Dr.  Roger  E. 
Davis,  Science  and  Technology  Corporation  (STC),  Las  Cruces,  NM  (Contract  No.  DACA39-85- 
C-0006)  under  the  direct  supervision  of  Mr.  Harold  W.  West,  Chief,  EAG,  and  under  the  general 
supervision  of  Dr.  L.E.  Link,  Jr.,  Chief,  ESD,  and  Dr.  John  Harrison,  Chief,  EL.  STC  personnel 
performed  data  analysis  and  prepared  a  major  portion  of  the  report  as  well  as  the  computer  graphics 
presented  in  the  text  and  in  Appendixes  A  and  B.  The  report  was  edited  by  Ms.  Jessica  S.  Ruff  of  the 
WES  Publications  and  Graphic  Arts  Division  (PGAD).  Layout  of  the  appendixes  was  accomplished 
by  Ms.  Beatrice  W.  Watson,  PGAD. 

At  the  time  of  publication.  COL  Allen  F.  Grum,  USA,  was  Director  of  WES  and  Dr. 
Robert  W.  Whalin  was  Technical  Director. 


This  report  should  be  cited  as  follows: 

Long,  K.S.,  Davis.  R.E.,  and  Williams,  R.R.  1985.  “Results  of  Dust  Obscuration  Tests  (DOT) 
Using  Explosives,  Fort  Carson.  Colorado,"  Technical  Report  EL-85-12,  US  Army  Engineer 
Waterways  Experiment  Station,  Vicksburg,  Miss. 
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RESULTS  OF  DUST  OBSCURATION  TESTS  (DOT)  USING  EXPLOSIVES, 

FORT  CARSON,  COLORADO 


PART  I:  INTRODUCTION 

Background 

1.  The  US  Army  Engineer  Waterways  Experiment  Station  (WES)  is  conducting  research  related  to 
the  determination  of  the  terrain  dust  concentration  and  composition  for  realistic  battlefield  con¬ 
ditions.  This  research  is  sponsored  by  the  Office,  Chief  of  Engineers,  US  Army,  under  the 
auspices  of  the  Battlefield  Terrain  Working  Group  of  the  AirLand  Battlefield  Environment 
Thrust  (Deepak  1983).  The  importance  of  terrain  dust  has  increased  as  a  result  of  the  develop¬ 
ment  of  high-technology  weapons,  sensors,  and  surveillance  systems.  The  potential  effects  of 
terrain  dust  upon  battlefield  operations  and  equipment  are  significant,  and  dust  properties  and 
characteristics  vary  greatly  with  geographic  location,  climate,  season,  and  even  time  of  day.  The 
prediction  of  dust  concentrations  and  composition  in  a  region  being  used  for  a  military  activity  is 
an  integral  part  of  combat  survivability.  WES’s  primary  thrust  has  been  to  determine  the  terrain 
and  environmental  factors  affecting  dust  generation  and  transmission  and  to  develop  analytes! 
relations  that  describe  those  dependencies.  This  research  will  provide  data  to  analysts  involved  in 
combat  effectiveness  studies  and  to  military  engineer  teams  involved  in  predicting  the  perfor¬ 
mance  of  weapon  systems  in  combat. 

\ 

2.  An  experimental  research  program  is  being  conducted  jointly  by  WES  and  the  US  Army  At¬ 
mospheric  Sciences  Laboratory  (ASL)  to  determine  data  and  relationships  for  use  in  an 
analytical  procedure  for  prediction  of  terrain  dust  generated  by  explosions  such  as  impacting 
munitions,  moving  vehicles,  weapon  firings,  and  helicopter  landings  and  takeoffs.  The  principal 
goal  of  the  explosive  tests  has  been  to  develop  a  database  to  correlate  soil  properties  with  air¬ 
borne  dust  loading.  The  initial  series  of  tests  in  the  Corps  of  Engineers’  dust  research  program 
focused  on  determining  the  correlations  with  dust  loading  by  considering  the  sand,  silt,  and  clay 
content  of  soils  before  explosive  detonation.  This  test  series  was  designated  the  Battlefield  En¬ 
vironments  from  Tailored  Soils  (BETS)  (Mason  and  Long  1981;  Kennedy  1982;  Mason  and  Long 
1983).  The  objective  of  BETS  was  to  account  for  the  material  removed  from  craters  produced  by 
uncased  simulated  munition  rounds  to  infer  the  dust  cloud  mass  and  distribution. 

3.  The  second  series  of  experimental  explosive  tests,  conducted  at  Fort  Carson,  Colo.,  in  April  and 
August  1983,  were  designated  the  terrain  Dust  Obscuration  Tests  (DOT).  The  April  test  (DOT  I) 
was  conducted  jointly  by  the  ASL,  White  Sands  Missile  Range,  N.  Mex.,  and  WES  (Long  et  al. 
1985).  The  August  test  (DOT  II)  was  conducted  by  the  WES  with  some  field  support  provided 
by  a  WES  contractor  (PEDCo  Environmental,  Inc.). 


Objective 

4.  The  objective  of  the  DOT  was  to  gather  meaningful  data  concerning  the  amount  and  characteris¬ 
tics  of  the  obscurants  released  into  the  atmosphere  by  two  likely  components  of  the  battlefield 
environment:  (a)  explosive  activity  and  (b)  vehicular  traffic.  The  explosive  trials  were  conducted 
by  placing  uncased  C-4  charges  upwind  of  the  sampling  array.  The  vehicular  trials  were  con¬ 
ducted  by  running  tracked  and  wheeled  military  vehicles  upwind  of  the  sampling  array.  This 
report  documents  the  results  of  the  DOT  explosive  tests. 


Scope 


5.  Part  II  of  this  report  describes  physical  features  of  the  test  sites  selected.  The  instruments  used  to 
measure  the  phenomena  resulting  from  the  blasts  are  also  described,  and  the  conduct  of  the  ex¬ 
plosive  events  is  summarized. 

6.  Part  III  describes  the  kinds  of  data  collected  during  the  high-explosive  trials.  Basic  soil  character¬ 

istics  weie  measured  before  and  after  each  event.  The  data  collected  for  the  DOT  I  events  were 
greater  than  those  in  DOT  II  in  both  number  and  kind.  These  data  were  meteorological  data, 
transmission  data,  and  dust  collection  data  gathered  at  the  time  of  each  event  and  shortly  there¬ 
after  until  it  was  determined  that  measurable  effects  of  the  blast  had  vanished.  In  the  DOT  II 
phase,  limited  meteorological  and  soil  data  were  taken  in  addition  to  dust  collection.  After  each 
event,  the  physical  measurements  of  the  resulting  crater  were  taken. _  _ _ 

7.  Part  IV  presents  the  analysis  of  crater  geometries  and  resulting  clouds.  Part  V  presents  the  con¬ 
clusions  and  recommendations  for  future  studies. 
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PART  II:  DESCRIPTION  OF  TESTS 


Test  Sites 

8.  The  two  test  sites  used  for  the  Fort  Carson  DOTs  are  respectively  located  2  km  north  of  the 
southernmost  gate  of  the  Military  Reservation  (DOT  I)  and  approximately  2  km  southeast  of 
Camp  Red  Devil  (DOT  II),  as  shown  in  Figures  1  and  2.  The  sites  are  gently  sloping,  with  the 
Rocky  Mountains  approximately  60  km  to  the  northwest  and  open  terrain  and  low  hills  to  the 
east  and  south.  The  Fort  Carson  reservation  can  be  considered  analogous  to  many  semiarid 
regions  of  the  world  in  terms  of  surface  soil  types  and  vegetation  ground  cover  types.  Figure  2 
shows  the  portions  of  the  reservation  that  are  covered  by  the  predominant  short-  and  mixed- 
grass  prairie  species  that  occur  at  the  two  test  sites.  Figures  3  and  4  are  presented  as  pictorial 
records  of  the  terrain  and  ground  cover  found  at  the  DOT  I  and  II  sites,  respectively. 

9.  The  surface  soil  at  Site  1  (DOT  I)  was  a  light  brown  sandy  clay  material  classified  according  to 
the  Unified  Soil  Classification  System  (USCS)  as  a  sandy  clay  (CL).  The  in  situ  moisture  content 
of  the  surface  soil  ranged  between  6.7  and  26.7  percent,  with  the  maximum  moisture  occurring 
just  after  the  site  received  some  light  rainfall.  Soil  strength  or  cone  index  (Cl)  was  50  at  the  sur¬ 
face  and  increased  to  approximately  200  at  a  15-cm  depth  and  750+  at  a  30-cm  depth.  The  sur¬ 
face  soil  at  Site  2  (DOT  II)  was  a  reddish-brown,  sandy  clay-sandy  silt  material  classified  as  CL 
according  to  the  USCS.  The  moisture  content  ranged  from  7.2  to  17.5  at  the  surface,  and  the  soil 
strength  varied  from  100  Cl  in  the  surface  layer  to  750+  Cl  at  the  depth  of  15-30  cm.  Figure  5 
shows  the  surface  soil  grain  sizes  at  the  two  test  sites. 

10.  The  predominant  vegetation  types  occurring  at  the  sites  were  short  grasses  and  plants  of  blue 
grama,  Russian  thistle,  lamb’s-quarters,  and  prickly  pear.  Height  of  the  plants  ranged  10-20  cm, 
and  the  ground  area  of  coverage  was  50-70  percent,  as  illustrated  in  Figures  3  and  4.  Figure  6  dis¬ 
plays  typical  root  depths  (approximately  15-20  cm)  for  the  grass  clumps  growing  at  the  sites. 

11.  Site  1  near  the  southern  boundary  normally  receives  approximately  9-11  in.  (23-28  cm)  average 
annual  rainfall.  Site  2,  near  Camp  Red  Devil,  receives  an  average  of  12-13  in.  (30-33  cm)  of  rain¬ 
fall  annually.  Some  rainfall  did  occur  during  both  the  April  and  August  tests,  which  is  reflected 
in  the  in  situ  moisture  data  presented. 

Instrumentation 

12.  The  instrumentation  for  the  April  explosive  tests  was  provided  by  the  ASL  and  consisted  of  a 
multiwavelength  transmissometer,  eight  Hi-Vol  dust  samplers  (height  1.5  m,  spaced  6-10  m 
apart),  five  nephelometers,  a  Knollenberg  counter,  a  spectrophone,  four  Gelman  vertical  sam¬ 
plers  (heights  2,  6,  1 1,  15  m),  and  2-  and  16-m  meteorological  towers  containing  sensors  for  mea¬ 
surements  of  wind  speed,  wind  direction,  air  temperature,  dew  point,  humidity,  and  solar  radia¬ 
tion.  Additional  meteorological  sensors  were  included  on  the  16-m  tower  at  heights  of  4  m  and 
8  m.  Meteorological  sensor  measurements  were  digitally  recorded  at  2-sec  intervals.  Figure  7a 
shows  the  layout  and  general  ground-level  view  of  the  instrumentation.  Further  description  of 
the  instrumentation  and  calibration  procedures  is  provided  in  a  preliminary  project  report  by 
Hoock  and  Kennedy  (1983). 

13.  For  the  August  tests,  the  instrumentation  (Figure  7b)  consisted  of  five  Hi-Vol  dust  samplers 
(spaced  20  m  apart  and  2.5  m  above  ground),  two  tethered  balloons  each  with  four  47-mm  poly¬ 
vinyl  chloride  vertical  samplers  located  at  heights  of  1.5,  7.6,  15.2,  and  22.9  m  above  the  ground, 


Figure  1.  Location  of  test  sites  at  Fort  Carson,  Colo. 
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Figure  7.  Instrumentation  used  at  the  DOT 


and  several  meteorological  sensors  (wind  speed,  wind  direction,  air  temperature,  barometric 
pressure,  relative  humidity,  and  solar  intensity)  located  at  a  height  of  2  m.  The  instrumentation 
for  Site  2  was  provided  by  PEDCo  Environmental,  Inc.,  under  contract  to  WES.  The  instrumen¬ 
tation  and  calibration  procedures  are  described  in  PEDCo  Environmental,  Inc.  (1985). 

14.  Figures  8  and  9  are  schematic  representations  of  the  instrumentation  and  coordinate  systems 
used  for  DOT  1  and  DOT  II.  A  rectangular  coordinate  system  was  used  in  DOT  I  while  polar 
coordinates  were  utilized  in  DOT  II.  Polar  coordinates  for  DOT  II  were  deemed  appropriate 
because  the  sampler  line  could  be  rotated  in  order  to  adjust  for  prevalent  wind  shifts.  Figure  9a 
shows  locations  of  shots  and  measuring  devices  for  the  first  three  shots,  while  Figure  9b  shows 
those  for  the  rest  of  the  shots. 
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Figure  8.  Schematic  rite  layout  for  DOT  I 


Conduct  of  Tests 


15.  The  explosive  agent  used  for  the  DOT  explosive  phases  was  uncased  C-4  detonated  by  personnel 
of  the  52d  Engineering  Battalion,  Fort  Carson.  Charges  were  either  blocks  or  molded  spheres 
(Figure  10)  of  7.5  lb  (3.4  kg,  designated  “A”),  15  lb  (6.8  kg,  designated  “B”),  and  25  lb 
(1 1.3  kg,  designated  “C”).  A  total  of  35  shots  were  made  during  DOT  I,  the  majority  being  sur¬ 
face  tangent  (ST)  blasts.  Trial  B16  had  three  separate  charges  of  15  lb  each  detonated  at  5-sec  in¬ 
tervals,  making  it  the  only  multiple  charge  shot  of  DOT  I.  The  B14  shot  was  detonated  on  a 
stick  with  the  C-4  center  of  mass  at  39  cm  above  the  surface.  No  crater  was  formed  by  this  shot. 
Trials  BI2,  B13,  and  B15  were  surface  tangent  buried  (STB)  shots  with  the  charges  shaped  as 
blocks  formed  from  individual  1.25-lb  (0.6-kg)  bricks  of  C-4  and  placed  in  the  ground  with  the 
top  of  the  charge  flush  with  the  surface.  The  B5  trial  was  unusual  in  that  the  charge  was  in¬ 
advertently  placed  over  a  soil  sample  plug  hole  1.5  in.  (3.8  cm)  in  diameter  and  8  in.  (20.3  cm) 
deep.  The  true  and  apparent  crater  volumes  resulting  from  this  shot  were  approximately  three 
and  five  times  larger  than  those  of  the  respective  B  shot  means.  Evidently  the  plug  hole  caused  a 
focusing  of  the  blast  energy. 


Figure  10.  Typical  molded  C-4  sphere 


16.  The  DOT  II  high-explosive  phase  consisted  of  eight  shots,  four  of  which  were  multiple- 
detonation  trials.  However,  only  seven  of  the  trials  yielded  data  because  the  Hi-Vol  sampler 
filters  were  blown  out  by  the  blast  in  Trial  8.  Charges  for  the  measurable  DOT  II  shots  were  15- 
aisd  25-lb  spheres. 

17.  The  location  for  the  point  of  burst  (POB)  was  an  important  consideration  for  the  tests.  The 
FOB  for  the  April  tests  was  determined  by  using  the  onsite  measured  wind  direction  and  speed 
data  and  the  center  (location  of  sampler  3)  of  the  Hi-Vol  sampler  array.  The  actual  POB  was 
determined  by  using  the  direction  from  which  the  wind  was  blowing  and  selecting  a  distance 
from  the  Hi-Vol  array  that  would  allow  representative  measurement  of  the  horizontal  and  ver¬ 
tical  composition  of  the  dust  cloud.  The  POB  distance  ranged  from  19-75  m  for  all  of  the  April 
tests,  while  the  POB  distance  range  for  the  August  tests  was  somewhat  less  (40-45  m). 

18.  Tables  1  and  2  provide  reference  logs  for  the  high-explosive  trials  at  the  DOT.  Both  timed  still 
photographs  and  video  records  were  taken  for  most  of  the  DOT  1  events.  A  typical  young  cloud 
generated  by  a  15-lb  C-4  charge  is  shown  in  Figure  11,  Note  the  significant  amount  of  dust  (ap¬ 
pearing  white  in  Figure  1 1)  generated  to  i  <:  2-  to  3-m  heights  by  the  detonation  shock  waves. 
The  craters  were  measured  immediately  a".r  <hc  blast  as  shown  in  Figure  12. 
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PART  III:  DATA  COLLECTED 


19.  Data  from  the  DOT  I  and  DOT  II  high-explosive  trials  are  presented  in  Appendix  A.  The 
DOT  I  data  are  the  more  comprehensive  set,  reflecting  the  instrumentation  difference  between 
the  April  and  August  trials.  However,  some  additional  information  concerning  the  meteorology, 
Hi-Vol  sampler  data,  and  balloon  sampler  data  obtained  during  DOT  II  are  included  in  the 
WES  contract  report  by  PEDCo  Environmental,  Inc. 

DOT  I  Event  Data 

20.  The  DOT  I  (April  1983)  data  are  presented  in  Appendix  A  (pages  A3-A180)  in  sequence  by 

- charge  weight,  starting  with  the  A  (7.5-lb)  shots.  Figure-13  shows  typical  data  for  one  shot,  as 

presented  in  Appendix  A.  At  the  beginning  of  each  charge  weight  group  is  a  schematic  diagram 
locating  the  Hi-Vol  sampler  positions  and  the  location  of  each  shot  for  the  data  set  (Figure  13a). 
The  meteorological,  transmissometer,  Hi-Vol,  nephelometer,  and  Geiman  data  have  been  re¬ 
duced  and  provided  by  ASL.  Crater  profiles,  crater  volumes,  cone  indices,  soil  densities,  and 
soil  moisture  contents  have  been  measured  and/or  calculated  by  WES.  Information  for  each 
shot  includes  an  Event  Summary  Table  (Figure  13b)  followed  by  a  crater  profile  plot  (Fig¬ 
ure  13c),  a  cloud  track  and  Hi-Vol  data  plot  (Figure  1 3d),  time-dependent  nephelometer  concen¬ 
tration  plots  (four  stations)  (Figures  13e-f),  time-dependent  transmission  plots  (four  band- 
passes)  (Figures  13g-h),  plots  of  visibility,  solar  flux,  and  sky  and  target  voltages  (Figure  13i), 
and  time  of  obscuration  histograms  for  four  levels  of  transmission  (four  bandpasses)  (Fig¬ 
ure  13j).  The  following  comments  pertain  to  the  DOT  I  data. 

Meteorological  data 

21.  The  2-m  tower  data  are  not  presented  in  this  report.  The  16-m  tower  data  are  presented  in 
tabular  form  as  mean  values  for  the  2-,  4-,  6-,  and  16-m  levels  (Figure  13b).  These  means  are 
computed  for  the  2-sec  sampling  intervals,  which  usually  began  several  minutes  before  the 
detonation  (event  time)  and  continued  until  the  cloud  was  well  past  the  data  acquisition  in¬ 
strumentation  (usually  5  to  10  min).  The  “start”  time  and  "end”  time  values  identify  this  2-sec 
sampling  period  for  each  shot. 

22.  The  soil  temperature,  dew  point,  air  temperature,  relative  humidity,  and  absolute  humidity  data 
are  also  means  computed  during  the  2-sec  sampling  period  (Figure  13b).  The  solar  flux,  visual 
range,  Vista  Ranger,  and  sky-target  contrast  data  are  the  values  observed  at  the  start  time  given 
for  each  shot.  Mean  values  for  these  data  were  not  computed,  as  these  data  are  strongly  affected 
by  dust  cloud  trajectory  and  location.  However,  the  time-dependent  plots  of  these  variables  are 
displayed  for  each  shot. 

23.  The  Richardson  number  values  presented  are  means  computed  from  both  the  2-  and  16-m  levels 
and  have  been  noted  to  be  noisy. 

Cone  index 

24.  Cone  indices  were  acquired  for  most  shots  before  (pre-shot)  and  after  (post-shot)  the  detona¬ 
tions  (Figure  1 3b)  These  indices  are  presented  for  surface  (SFC)  and  15-,  30-,  and  45-cm  depths. 
The  15-,  30-,  and  45-cm  values,  however,  are  averages  for  0-15,  15-30,  and  30-45  cm,  tespec- 
tively.  The  maximum  value  the  instrument  would  register  was  750.  Any  excess  of  this  maximum 
value  is  logged  as  750+  in  the  event  summary  Cl  data. 
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DETONATION  LOCATIONS  FOR  APRIL  1983 
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X  -  COORDINATE  CM) 

a.  Schematic  diagram  of  POBs  (DOT  I) 

Figure  13.  Data  items  for  typical  15-lb  C-4  event  (Sheet  1  of  6) 
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dependent  nephelometer  log  concentration  plots  f.  Time-dependent  nephelometer  concentration  plots 


HE-B6 
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Visibility 


solar  flux,  sky  and  target  voltages  j-  Time  of  obscuration  histograms 


Crater  data 


25.  The  crater  data  include  soil  moisture  content,  crater  volumes,  and  soil  densities  both  before  and 
after  the  shot. 

26.  Crater  volumes.  A  number  of  different  approaches  were  tested  for  calculating  crater  volumes. 
The  approach  that  apparently  yields  the  most  accurate  results  is  a  Simpson’s  rule  integration. 
Four  volumes  for  each  crater  were  determined  using  a  vertical  through  the  crater  center  as  the 
axis  of  rotation  for  each  quadrant  profile  (see  discussion  of  crater  profiles  below).  The 
calculated  volumes  defined  by  the  resulting  surface  of  revolution  for  each  quadrant  profile  were 
then  averaged  to  yield  the  volumes  presented  in  this  summary.  The  flow  volume  refers  to  the 
volume  of  material  which  includes  sheared  material  ejected  with  insufficient  energy  to  carry  it 
past  the  crater  rim  and  ejecta  which  has  fallen  back  into  the  crater.  The  flow  volume  is  the  dif¬ 
ference  between  the  true  crater  volume  and  the  apparent  crater  volume. 

27.  The  flow  density  given  is  a  mean  value  of  several  samples  taken  from  the  flow  material.  Often 
this  is  just  the  mean  of  the  bottom  and  side  flow  densities,  as  given  in  the  event  summary  table. 

28.  Crater  profiles  ( Figure  13c).  Crater  profiles,  that  is,  the  depths  of  the  apparent  and  true  crater 
surfaces,  were  measured  along  east-west  and  north-south  diameters.  The  apparent  crater  was 
measured  from  the  surface  to  the  crater  floor,  i.e.,  the  top  of  the  flow  in  the  crater.  The  true 
crater  was  measured  from  the  surface  to  the  point  at  which  the  measuring  stick  was  perceived  to 
encounter  a  significant  change  in  soil  structure  when  pushed  through  the  flow'  material,  i.e.,  the 
bottom  of  the  flow  material.  This  measuring  technique  is  expected  to  yield  more  accurate  ap¬ 
parent  crater  profiles  than  true  crater  profiles.  This  expectation  is  confirmed  in  the  large  scatter 
in  the  calculated  true  crater  volumes  (see  Part  IV,  paragraph  46). 

29.  The  crater  profile  information  is  displayed  in  two  plots  for  each  shot,  one  plot  displaying  the 
north-south  quadrant  profiles  and  the  other  presenting  the  east-west  quadrant  profiles.  Ap¬ 
parent  and  true  crater  profiles  are  displayed  together  for  easy  comparison.  The  solid  and  dashed 
lines  appearing  on  each  plot  are  formed  from  averages  computed  from  all  four  quadrants  for 
the  true  and  apparent  craters,  respectively. 

Cloud  data 

30.  High-volume  samplers  (Figure  I3d).  Complete  descriptions  of  the  Hi-Vol  samplers  and  reduc¬ 
tion  techniques  are  found  in  the  ASl.  reports  on  the  DOT  test.  Presenter'  here  are  the  masses  (in 
grams)  accumulated  by  the  Hi-Vol  samplers  for  each  test  shot.  Also,  the  individual  Hi-Vol 
masses  for  each  shot  have  been  added  and  recorded  as  “Sum”  in  the  Hi-Vol  data  presented  in 
the  event  summary  table.  This  sum  has  no  quantitative  significance  other  than  to  benchmark  the 
cloud  track  relative  to  the  sampler  array.  The  Hi-Vol  masses  and  predicted  cloud  tracks  deter¬ 
mined  from  the  observed  winds  are  displayed  graphically  in  Appendix  A  (see  following  discus¬ 
sion). 

31.  Cloud  tracks  (Figure  13d).  In  order  to  provide  a  visual  representation  of  each  shot,  cloud 
transport  and  diffusion  arc  displayed  with  the  Hi-Vol  sampler  data.  The  transport  of  the  cloud 
was  predicted  by  use  of  the  2-sec  interval  wind  speed  and  direction  data  acquired  at  the  2-m  level 
of  the  16-m  tower.  (T  he  Hi-Vol  samplers  were  1.5  m  above  the  ground.)  Assuming  a  Gaussian 
cloud,  the  diffusion  is  approximated  in  the  horizontal  by 

o,  -  ax' 


v; 


where  o,  is  the  standard  deviation  in  the  horizontal  direction  perpendicular  to  the  wind  direc¬ 
tion.  The  coefficients  a  and  b  are  Brookhaven  National  Laboratory  (BNL)  parameters  (Hanna, 
Briggs,  and  Hosker  1982)  and  x  is  the  downwind  distance. 

32.  These  standard  deviations  computed  with  the  BNL  parameters  tend  to  be  representative  of  the 
lower  portion  of  the  clouds’  mass  distributions.  To  support  this  conjecture,  the  Hi-Vol  sampler 
positions  and  their  respective  recorded  masses  are  also  displayed  on  these  plots.  The  relative  Hi- 
Vol  masses  are  reflected  by  the  areas  of  the  circles  centered  on  the  sampler  positions. 

33.  The  predicted  dust  cloud  tracks  represent  remarkably  well  the  paths  taken  by  the  individual 
clouds  as  confirmed  from  the  video  records  of  the  shots. 

34.  Nephelometer  data  (Figures  13e-f).  The  nephelometer  data  for  those  instruments  placed  adja¬ 
cent  to  the  Hi-Vol  sampler  stations  Nos.  1,  3,  5,  and  8  are  presented  as  time-dependent  plots.  A 
complete  description  of  the  instruments  and  reduction  procedures  is  given  in  ASL  reports  of  the 
DOT  test  (Bruce,  Unthank,  and  Jelinek  1985;  Hoock*).  The  reduced  data  in  grams  per  cubic 
metre  are  presented  here  as  both  linear  and  logarithmic  (base  10)  representations.  Passage  of  the 
shock  dust  and  cloud  is  easily  identified  in  the  nephelometer  data.  Occasionally,  data  are  miss¬ 
ing  due  to  acquisition  problems. 

35.  Transmissometer  data  ( Figures  13g-h).  As  with  the  nephelometer  data,  a  complete  description 
of  the  instrumentation  and  data  reduction  is  found  in  ASL  reports.  The  transmission  data  are 
presented  as  a  function  of  time  in  both  linear  and  natural  log  representations.  Shock  dust  is 
more  difficult  to  observe  in  the  transmissometer  data  since  the  line-of-sight  (LOS)  was  nearly  a 
metre  above  the  nephelometers.  However,  the  shock  can  be  seen  in  many  of  the  trials.  Note  that 
tiie  time  at  which  the  transmissometer  data  start  is  not  the  same  time  us  the  event  time. 

36.  Other  data  (Figure  13iJ.  Visibility ,  solar  flux,  and  sky  and  target  voltages  were  acquired  in  some 
of  the  DOT  1  events.  These  daia  are  likewise  presented  in  Appendix  A,  with  the  aopropriate 
event,  if  they  were  available. 

37.  Time  of  obscuration  (Figure  13j).  To  estimate  quantitatively  the  obscuration  potential  of  the 
high-exlosive  dust  clouds,  total  time  of  transmission  below  the  50,  37,  10,  and  2  percent  levels 
has  been  determined  from  the  transmissometer  data.  These  results  have  been  calculated  for 
those  clouds  which  passed  between  the  transmissometer  transmitter  and  receiver  in  all  four 
bandpasses  and  are  displayed  as  histograms.  These  times  of  obscuration  are  the  actual  observed 
times  at  the  transmissometer  LOS  and  have  been  neither  corrected  for  wind  direction  nor  nor¬ 
malized  to  a  common  wind  speed.  These  modifications  to  the  data  are  presented  later  in  the  text 
(Part  IV,  paragraph  85). 

DOT  II  Event  Data 

38.  The  DOT  II  (August  1983)  data  comprise  the  second  part  of  Appendix  A  (pages  A 181-193).  The 
data  arc  grouped  by  charge  sizes  with  the  1 5-lb  charges  designated  B  and  the  35-lb  charges 
designated  C.  Since  there  were  no  7.5-lb  charges,  no  shots  were  designated  A  as  for  DOT  J.  No 
data  were  recorded  for  the  final  DOT  II  shot  because  it  blew  the  samplers  away  and  thus  no  data 
were  collected.  DOT  II  data  are  not  nearly  as  voluminous  as  those  of  DOT  1  because  no 

•Personal  Communication,  1984,  D.W.  Hoock,  US  Army  Atmospheric  Sciences  Laboratory, 
White  Sand1-  Missile  Range,  N.  Mc\. 


transmissometer,  nephelometer,  or  high  time-resolution  meteorological  data  were  taken.  Like¬ 
wise,  only  eight  trials  were  attempted  in  DOT  II  whereas  35  were  attempted  in  DOT  I. 

39.  The  field  trial  identification  for  DOT  11  was  made  by  numbering  the  trials  sequentially,  including 
both  the  vehicular  and  high-explosive  trials.  For  purposes  of  this  report  the  trial  identification 
has  been  altered  to  match  more  closely  that  of  DOT  1.  The  high-explosive  trials  for  DOT  II  are 
identified  by  the  following  notation: 


HEmp - n 


where 

m  =  the  sequential  number  of  the  high-explosive  trial  starting  with  m  =  1 

p  =  the  charge  weight  identifier,  either  B  (15  lb)  or  C  (25  lb)  “  ' " ' 

n  =  the  charge  identifier  (A,  B,  C)  if  multiple  charges  were  detonated  for  the  trial 

Note  that  the  DOT  II  Event  Summary  Data  tables  include  the  field  trial  test  number  in  paren¬ 
theses  for  cross-reference  purposes. 

40.  Hi-Vol  and  Gelman  sampler  data  are  presented  in  the  WES  draft  contract  report  by  PEDCo  En¬ 
vironmental,  Inc.,  and  are  therefore  not  included  in  this  report. The  meteorological  data,  crater 
profiles,  crater  volumes,  soil  densities,  soil  moisture  contents,  and  cone  indices  are  provided  in 
the  DOT  II  Event  Summary  Data  tables  (Appendix  A). 

41 .  The  summary  data  are  preceded  by  two  graphical  representations  of  the  DOT  II  field  coordinate 
system  which  mark  the  sampler  line  and  POBs  for  the  high-explosive  shots  (see  pages  A181  and 
A185).  Note  that  the  sampler  line  was  rotated  90  deg  after  the  first  three  trials  in  order  to  adjust 
for  a  wirH  shift.  The  vertical  samplers  were  positioned  by  tethered  balloons,  one  between  the 
rightmost  two  Hi-Vols  and  one  between  the  leftmost  two  Hi-Vols.  The  meteorological  station  was 
positioned  near  the  center  Hi-Vol. 

Soil  Classification  Data 

42.  Acquisition  of  dat^  for  soil  characterization  at  the  DOT  sites  included  soil  samples  taken  at 
various  depths  in  approximately  2-m-deep  pits  (dug  by  backhoe)  and  in  shot  craters.  Presented  in 
Appendix  B  are  summary  tables  (pages  B3  and  B18),  pit  profiles  (pages  B4-B6),  and  soil  grada¬ 
tion  curves  (B7-B17  and  B20-B34)  from  soil  samples  obtained  at  the  DOT  1  and  II  sites. 
Information  provided  in  the  individual  curve  figures  includes  the  site  location  and  depth  of  the 
sample,  liquid  and  plastic  limits,  specific  gravity,  and  organic  content.  Mean  curves  (Figure  5) 
have  been  formed  for  both  sites  and  yield  percent  finer  values  of  67  and  60  percent  for  Sites  1 
and  2,  respectively.  Cone  index  data  acquired  at  the  shot  locations  are  found  in  the  individual 
Event  Summary  Data  tables  of  Appendix  A. 
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PART  IV:  DATA  REDUCTION  AND  ANALYSIS 


43.  One  of  the  most  obvious  results  of  a  high-explosive  surface  blast  is  the  excavation  of  a  crater. 
Consequently,  much  initial  work  in  field  tests  similar  to  DOT  sought  to  infer  dust  cloud  masses 
from  crater  volumes  under  the  assumption  that  only  the  percent  fines  less  than  some  specified 
diameter  composed  the  cloud.  It  was  soon  recognized,  however,  that  mass  predictions  based  on 
this  assumption  greatly  overestimated  the  cloud  masses  and  that  only  a  very  small  fraction  of  the 
excavated  crater  volume  remains  in  the  sustained  clouds. 

44.  The  problem  of  identifying  relationships  among  explosive  charge  weights,  crater  volumes,  and 
resulting  dust  cloud  masses  is  complicated  by  a  host  of  variables  that  include  soil  compaction 
during  crater  formation,  fallback  material  into  the  craters,  soil/terrain  properties,  and  ejecta 
which  does  not  become  part  of  the  sustained  clouds.  Because  of  the  compounding  factors  and 
the  fact  that  only  a  small  fraction  of  the  excavated  mass  remains  lofted,  a  large  error  potential 
exists  in  formulating  charge  weight-crater  volume-cloud  mass  relationships.  The  DOT  test  was 
designed  to  minimize  the  errors  in  defining  these  relationships  by  providing  direct  measurements 
of  dust  cloud  mass  loading  in  both  the  horizontal  and  vertical  planes.  The  results  of  the  DOT 
data  analysis  are  presented  below. 

Crater  Volumes 

45.  Twenty-nine  crater  profiles  were  measured  during  DOT  I,  and  10  such  profiles  were  measured 
during  DOT  II.  Appendix  A  contains  plots  of  the  individual  profiles,  and  the  measurement  pro¬ 
cedure  is  described  in  Part  III  of  the  text.  From  the  profile  data,  true  and  apparent  crater 
volumes  were  calculated  using  a  modified  Simpson’s  rule.  Table  3  includes  these  calculated 
volumes  as  well  as  soil  densities,  moisture  contents,  bulking  factor  (i.e.,  the  ratio  of  pre-shot  to 
post-shot  densities),  and  volumes  normalized  to  the  charge  weights. 

46.  Figures  14a-d  (DOT  I)  and  15a-b  (DOT  II)  provide  histograms  of  the  true  and  apparent 
volumes  determined  for  the  individual  craters;  Figures  16a-d  present  plots  of  these  volumes  ver¬ 
sus  explosive  charge  weights.  The  DOT  I  volumes  show  a  wide  scatter  in  true  volumes,  while  the 
apparent  volumes  show  much  more  consistency.  This  result  suggests  that  the  true  crater  profiles 
determined  from  the  DOT  I  tests  probably  were  more  prone  to  measurement  error  than  the  ap¬ 
parent  crater  profiles.  A  possible  cause  for  the  inability  to  measure  the  true  profiles  more  precise¬ 
ly  may  be  that  substantial  fracture  zones  were  established  at  the  true  crater  boundaries,  thereby 
causing  an  ambiguity  in  the  determination  of  the  boundaries.  That  is,  the  depths  for  the  true 
crater  profiles  were  not  measured  directly;  they  were  determined  by  forcing  a  graduated  range 
pole  through  the  loose  material  commonly  called  fallback.  Thus,  overestimations  were  possible 
should  the  pole  be  overextended  into  the  true  crater  “fracture  zone’’  or  underestimations  were 
possible  should  the  vertical  path  to  the  true  crater  boundary  be  blocked  by  dense  fallback 
material.  In  contrast  to  the  DOT  I  volumes,  the  true  crater  boundaries  measured  in  DOT  II  ap¬ 
pear  to  be  more  consistent  from  crater  to  crater. 

47.  Additional  differences  between  the  DOT  I  and  DOT  II  craters  are  highlighted  by  calculating 
mean  crater  profiles  for  each  charge  weight.  Four  profiles  were  measured  from  the  center  of  the 
crater  to  past  the  crater  rim  along  north-to-south  and  east-to-west  radii  (see  Part  III,  para¬ 
graph  28).  These  four  radii  profiles,  one  for  each  quadrant  of  the  crater,  were  generated  to 
employ  the  modified  Simpson’s  rule  techniques  to  calculate  the  crater  volumes.  Mean  profiles 
(true  and  apparent)  presented  in  Figures  17a-f  have  been  calculated  for  each  charge  weight 
group  and  detonation  configuration  (i.e.,  ST  or  STB)  by  averaging  all  quadrants  of  all  craters  in 
their  respective  groups. 
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Figure  14.  Volumes  of  true  and  apparent  craters,  DOT  /  (April  1983)  (Continued) 
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Figure  16.  Floss  of  apparent  and  true  crater  volumes  versus  charge  weights  (Continued) 
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Figure  17.  Mean  (apparent  and  true)  shot  profiles  ( Sheet  1  of  3) 
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48.  Comparison  of  the  mean  profiles  for  similar  charge  weights  shows  distinct  differences  in  crater 
profiles  between  DOT  I  and  DOT  II,  both  in  shape  and  resulting  volumes.  These  differences  are 
particularly  striking  for  the  true  crater  profiles,  with  the  DOT  I  profiles  showing  a  distinct 
“shelf  as  opposed  to  the  smooth  profiles  of  DOT  II.  The  volumes  calculated  from  these  mean 
profiles  are  given  in  Table  4  and  are  compared  to  the  mean  volumes  found  by  averaging  the  in* 
dividually  determined  volumes  found  in  Table  3.  Note  that  no  significant  differences  are  found 
in  the  mean  values  for  the  two  methods.  The  effect  of  burying  the  charges  (STB)  on  the  crater 
volumes  is  also  illustrated  by  the  mean  crater  profiles,  as  the  15-lb  STB  shots  typically  created 
much  larger  craters  than  even  the  25-lb  ST  shots. 

49.  1\vo  factors  that  have  been  identified  as  likely  contributors  to  the  differences  in  the  DOT  I  and 
DOT  II  craters  are  (a)  the  existence  of  a  hardpan  approximately  10  to  20  cm  below  the  surface  at 
the  DOT  1  site  and  (b)  the  difference  in  soil  densities  between  the  two  sites. 

50.  The  hardpan  layer  at  the  DOT  I  site  was  noted  by  field  workers  as  they  encountered  and  broke 
through  this  layer  while  acquiring  Cl  data.  This  region  was  relatively  thin  (several  centimetres) 
as  it  cannot  be  identified  in  the  Cl  data.  The  shelf  seen  in  the  DOT  I  crater  profiles,  particularly 
in  the  A  shots,  is  undoubtedly  a  manifestation  of  the  hardpan  zone.  The  hardpan  is  also  likely  to 
be  the  cause  for  the  greater  than  usual  height  obtained  by  the  ST  shots.  The  shape  and  height  of 
the  clouds  generated  by  ST  shots  during  DOT  I  resembled  buried  shot  clouds  seen  in  earlier 
high-explosive  tests  (e.g.,  DIRT  (Dusty  Infrared)  tests). 

51.  The  second  difference  between  the  two  sites  noted  above  was  in  soil  density.  Site  1  had  a  mean 
pre-shot  surface  soil  density  of  approximately  1 .4  g/cm’  (1.22  g/cm5  dry)  while  the  DOT  11  mean 
site  density  was  approximately  1 ,75  g/cmJ  (1 .58  g/cm’  dry).  The  soil  moisture  contents  measured 
at  the  two  sites  were  nearly  the  same,  with  values  of  14  percent  and  10  percent  for  Sites  1  and  2, 
respectively.  The  resulting  voids  ratios  (the  volume  of  voids  divided  by  the  volume  of  solids)  for 
the  two  sites  are  calculated  to  be  approximately  1.2  and  0.7. 

52.  Additional  differences  between  the  two  sites  include  slightly  different  soil  characteristics  and 
surface  soil  grain  sizes  (see  Figure  5). 

53.  Regardless  of  the  causes  for  scatter  in  true  crater  volumes  and  differences  in  crater  profiles,  the 
relative  consistency  of  the  apparent  crater  volumes  is  encouraging,  implying  that  for  a  given 
charge  weight  and  set  of  site/soil  properties,  a  predictable  apparent  crater  volume  will  be 
formed.  This  leads  to  a  simple  calculation  for  the  mass  excavated  by  the  explosions.  By  ignoring 
complicating  effects  such  as  soil  compaction  in  the  true  crater,  the  excavated  mass  is  computed 
by  simply  taking  the  product  of  the  dry  pre-shot  soil  density  and  the  apparent  crater  volume. 
Table  5  displays  the  results  of  these  calculations  and  shows  that  approximately  equivalent 
amounts  of  mass  have  been  ejected  for  similar  charge  weights  in  both  DOT  1  and  DOT  II.  An 
oversimplified  physical  argument  would  conclude  that  the  energy  available  from  a  given  charge 
will  remove  a  well-defined  amount  of  mass,  given  similar  soil  characteristics.  Similar  charges 
detonated  in  terrains  quite  different  from  the  Fort  Carson  area  may  produce  different  results. 
Nevertheless,  the  Fort  Carson  study  provides  very  important  data  for  quantifying  a  charge 
weight-mass  ejecta  relationship. 

54.  The  DOT  crater  data  provide  information  for  verifying  charge  weight/crater  volume  algorithms 
previously  developed  and  currently  used  in  various  DoD  models.  A  widely  used  algorithm  is  that 
of  the  COSACL  82  COMB1C  module  (Hoock  ct  al.  1982)  which  is  expressed  as: 

I /=sw/,m 
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where  V  is  the  crater  volume,  in  cubic  metres;  S  is  a  scaling  factor,  dimensionless,  reflecting  site 
variability;  and  W  is  equivalent  weight  of  charge,  in  kilograms  TNT.  Figure  18  displays  the 
mean  apparent  crater  volumes  from  DOT  as  functions  of  charge  weight  in  equivalent  kilograms 
of  TNT.  The  dashed  line  in  Figure  1 8  represents  the  1.111  power  law  used  by  the  EOSAEL  82 
COMBIC  module.  While  the  power  law  seems  to  describe  the  relationship  quite  well,  the  actual 
COMBIC  predictions  for  the  Fort  Carson  crater  volumes  are  high.  This  is  a  result  of  the  rather 
coarse  grid  offered  by  COMBIC  for  setting  the  scaling  factor  coefficient.  Therefore,  the  future 
focus  of  the  charge  weight/crater  volume  studies  should  be  directed  toward  refinement  of  the 
scaling  factor. 


55.  Correlations  between  crater  volumes  and  soil  density  or  soil  moisture  content  were  not  evident  in 
the  DOT  data.  This  is  a  reflection  of  the  similarity  in  soil  types  and  grain  sizes  between  Sites  1 
and  2  and  the  rather  narrow  range  of  soil  moisture  contents.  Figures.  19_and. 20 present  the  soil 
density  and  soil  moisture  content  data  from  DOT  as  functions  of  the  normalized  apparent  crater 
volumes,  i.e.,  the  apparent  crater  volumes  divided  by  ihe  charge  weight.  In  the  data  collected  in 
the  DOT  tests,  at  least,  it  is  apparent  that  soil  densities  and  range  of  moisture  contents  had 
negligible  influence  on  crater  volume. 


Dust  Clouds 

56.  The  focal  point  of  the  DOT  test  was  the  characterization  of  the  dust  clouds  in  context  of  source 
generators  and  site/soil  factors.  Mass  loading,  cloud  masses,  cloud  structure,  and  cloud  optical 
properties  have  been  studied  from  the  acquired  data.  The  following  paragraphs  present  the  dust 
cloud  analysis  for  DOT  I  and  DOT  II. 

Mass  extinction  coefficients 

57.  The  mass  extinction  coefficients  presented  in  Table  6  are  courtesy  of  Dr.  Donald  Hoock,  ASL, 
White  Sands  Missile  Range.  Hoock  first  identified  those  dust  clouds  which  passed  through  the 
interior  of  the  Hi-Vol  sampler  line  1  through  5  from  video  tapes.  This  ensured  that  a  cloud  pro¬ 
file  could  be  determined  with  good  confidence.  Trials  A7,  A8,  B4,  B5,  B6,  BIO,  B13,  and  C4 
were  found  to  meet  this  requirement.  Path  integrated  dosages  (g  •  sec/m)  were  determined  for 
these  trials  as  well  as  integrals  of  the  negative  of  the  natural  log  of  transmittance  (at  each  wave¬ 
length  band)  over  the  time  the  transmittance  was  between  85  percent  and  0.1  percent.  The  ratio 
of  the  transmittance  integration  to  the  dosage  integration  yields  the  mass  extinction  coefficient 
as  presented  in  Table  6. 

58.  Hoock  notes  these  coefficients  will  be  somew  hat  underestimated  if  the  dust  is  ntore  concentrated 
at  the  !.5-m  level  (Hi-Vol  samplers)  than  at  the  2.5-m  level  (transmissometer  LOS)  and  some¬ 
what  overestimated  if  the  converse  is  true.  Details  of  these  calculations  will  be  found  in  the  ASL 
final  DOT  report.*  We  also  note  that  the  presence  of  significant  amounts  of  burn  products  (e.g., 
carbon)  along  the  transmissometer  LOS  causes  the  coefficients  to  be  overestimated.  Unfortu¬ 
nately,  no  data  concerning  the  amount  and  type  of  burn  products  mixed  in  the  dust  cloud  exist. 


Vi 


•Personal  Communication,  1984,  DAS'.  Hoock,  op.  cit . ,  p  24. 
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Figure  20.  Soil  moisture  content  compared  to  normalized  crater  volume 
Dust  cloud  masses 

59.  The  determination  of  accurate  dust  cloud  masses  has  been  proven  to  be  difficult  and  inexact  in 
past  tests.  Consequently,  a  new  strategy  was  formulated  for  evaluating  the  DOT-generated 
clouds  (see  Hoock  and  Kennedy  1983).  Much  of  the  measuring  difficulty  lies  in  the  individuality 
of  each  cloud,  both  in  structure  and  dynamics.  Although  general  geometries,  structure,  and 
dynamics  exist,  the  effects  of  mi^r^meteorology,  local  perturbations  in  terrain  and  soil,  and  any 
existing  peculiarities  of  explosive  charges  all  contribute  to  the  uniqueness  in  detail  of  individual 
clouds.  (A  survey  of  the  video  tapes  reveals  the  extent  of  this  problem.)  Thus,  a  rather  large  scat¬ 
ter  in  mass  determinations  was  expected,  making  different  and  independent  calculations  highly 
desirable. 

60.  The  cloud  masses  presented  in  this  report  are  independent  calculations  provided  by  Dr.  Don 
Hoock  and  Dr.  Charles  Bruce  et  al.  for  the  DOT  1  data  and  by  PEDCo  Environmental,  Inc.,  for 
DOT  11.  Although  cursory  comments  outlining  the  different  mass  calculation  approaches  are 
made  here,  reference  is  made  to  the  appropriate  final  reports  (Bruce,  Unthank,  and  Jelinek 
1985;  Hoock*;  PEDCo  Environmental,  Inc.  1985)  for  complete  descriptions  of  the  computa¬ 
tions. 
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61 .  Hoock’s  approach  for  calculating  cloud  masses  utilizes  the  transmissometer  data  by  computing 
the  total  mass  of  dust  in  a  I  -m-thick  layer  at  2.5  m  above  the  ground  (the  transmissometer  LOS). 


'Personal  Communication,  D.W.  Hoock,  ibid. 
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The  working  equation  for  computing  this  layer  mass  is  given  by 

-vr  f  In  T(k)  dt 
dm  _  J  0 _ 

dz  2.J  oW 

where 

dfn 

- -  rate  of  change  of  mass,  g,  with  height,  m 

dz 

vr=  speed  of  cloud  perpendicular  to  the  LOS,  m/sec  -  - 

T{\)  =  transmittance  (0  to  1)  at  wavelength  A 
t  =  duration  of  test,  sec 

o(A)  =  mass  extinction  at  wavelength  A,  m2/g  (see  Table  6) 

62.  The  perpendicular  velocity  was  determined  both  from  the  meteorological  data  as  well  as  from 
the  time  it  took  for  the  dust  to  reach  the  transmissometer  LOS  and  the  perpendicular  distance 
from  the  detonation  point  to  the  LOS.  As  those  velocities  were  always  different,  giving  two 
values  of  dm/dz  for  each  shot,  the  average  value  was  computed.  The  final  step  in  the  calcula¬ 
tions  involves  the  assumption  that  for  well-defined  cloud  shapes  the  mass  loading  was  constant 
with  height.  Then,  from  the  heights  of  the  clouds  measured  from  the  video  tapes,  masses  were 
calculated  from 

M  =  (dm/dz)  Z 

where 

M-  mass,  g 

dm/dz  =  rate  of  change  of  mass,  g,  with  height,  m 
Z  =  height  of  the  cloud,  m 

63.  Several  caveats  to  this  approach  are  noted.  First,  the  assumption  of  the  mass  loading  consistency 
with  height  is  only  a  working  approximation.  The  vertical  samplers  do  not  support  this  assump¬ 
tion  for  individual  clouds  but  indicate  a  variety  of  distribution  profiles.  Second,  the  cloud 
heights  used  were  measured  from  the  surface  to  the  top  of  the  visible  clouds.  There  is  currently 
supporting  evidence  from  the  vertical  samplers  that  dust  does  not  exist  in  significant  amounts  to 
the  heights  indicated  by  the  visible  cloud  tops.  The  upper  cloud  regions  are  black  for  most  shots, 
as  opposed  to  the  brownish  lower  portions  of  the  clouds.  This  suggests  that  most  of  the  upper 
part  of  the  clouds  may  be  burn  products  of  the  munition  and  contains  little  dust,  The  question 
of  height  of  the  dust  in  the  cloud  is  reconsidered  below. 

64.  The  Bruce  calculations  are  somewhat  more  involved  than  the  previously  described  Hoock 
method  and  have  required  a  number  of  assumptions  and  approximations  in  reducing  the  data. 
Therefore,  the  reader  should  refer  to  the  Bruce,  Unthank,  and  Jclinek  (1985)  final  DOT  report 
for  details  of  the  cloud  mass  calculations,  as  the  analysis  will  be  only  briefly  discussed  here. 

65.  The  principal  data  required  by  Bruce  are  the  Hi-Vol  sampler  and  nephelometer  data  that  have 
been  used  to  map  density  profiles  of  the  dust  clouds  in  both  the  horizontal  (at  1 .5  m)  and  vertical 
planes.  From  the  video  tape  as  well  as  the  sampler  array  information,  only  those  clouds  which 
passed  through  the  sampler  arrays  (vertical  and  horizontal)  and  maintained  manageable  geome¬ 
try  were  selected  for  analysis.  The  dosage  (and  density)  profiles  as  provided  by  the  horizontal 
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samplers  suggest  a  Gaussian  distribution  in  the  clouds.  Thus,  the  following  distribution  function 
was  adapted: 

Ci.j(r)  =  Q\.}(0)  exp(-  r/r0)2 

where 

Ci  5(r)  =  density  in  the  horizontal  plane  at  1.5  m  and  at  a  distance  r  from  maximum 
density,  g/m3 

Ci  5(0)  =  maximum  density  in  the  1.5-m  horizontal  plane,  g/m3 
r  =  distance  from  point  of  maximum  concentration,  m 
r0  =  distance  at  which  the  density  is  e~l  of  the  maximum  density,  m 

66;  -While  the  vertical  profiles  were  neither  consistent  nor  easily  characterized,  heights  which  signifi¬ 
cant  amounts  of  dust  reached  were  determined  with  a  straightforward  extrapolation  of  the  im¬ 
plied  profiles.  The  heights  obtained  in  this  manner  gave  quite  repeatable  r  ults  and,  in  general, 
strongly  suggest  that  the  maximum  altitude  acquired  by  significant  dust  is  generally  much  lower 
than  the  visible  top  of  the  clouds  (see  Table  7). 

67.  Two  algorithms  were  selected  in  calculating  the  cloud  masses,  both  of  which  assumed  circular 
cylindrical  symmetry.  The  first,  termed  the  rectangular  method,  is  given  by 

M  =  "/-JZfl,.  j(0) 

where 

M  =  total  mass  of  the  cloud,  g 
Z  =  height  of  dust  in  cloud,  m 

68.  This  approach  assumes  every  horizontal  slice  has  exactly  the  same  central  (maximum)  density  as 
the  1.5-m  slice.  This  approach  was  formulated  for  comparison  with  the  cloud  masses  deter¬ 
mined  by  the  Hoock  method  and  ignores  the  vertical  structure  of  the  clouds.  The  vertical 
samplers,  however,  indicate  that  the  maximum  concentration  is  a  function  of  height.  This  func¬ 
tion  is  apparently  highly  variable  and  must  be  formulated  for  each  cloud. 

69.  The  second  Bruce  algorithm  attempts  to  account  for  the  functional  height  dependence  and  is 
wiitten: 

M  ~  J  Q(r,6s)  rdrdOdZ 
or 

M  -  nQMrlj()F(z)dz 

where 

Ccv  =  peak  concentration  in  the  cloud,  g/m' 

F(:.)  -  functional  form  of  the  vertical  concentration  profile  from  graphical  fit 

70.  The  peak  concentration  q  was  calculated  from  the  ratios  of  the  peak  vertical  and  horizontal 
dosages  as  determined  from  (he  profile  fils  multiplied  by  the  maximum  concentration  at  1 .5  m. 
This  is  expressed  as 

Qm  =  Ci  s(0)( /9,/7/j  0„,,x 
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The  dust  particle  masses  determined  by  this  algorithm  are  similar  but,  in  general,  slightly  smaller 
than  by  the  rectangular  algorithms. 

7| .  The  PEDCo  Environmental,  Inc.,  calculations  are  similar  to  the  second  Bruce  algorithm.  Both 
horizontal  and  vertical  concentration  profiles  are  used  to  integrate  over  the  cloud  volumes. 
Unlike  DOT  1,  a  number  of  cloud  masses  were  determined  for  multiple-shot  trials.  These 
multiple-shot  cases  are  not  used  in  the  comparisons  made  below. 

72.  Table  8  compares  the  results  of  the  mass  calculations  made  for  DOT  l  and  DOT  II.  While  mass 
means  from  the  Bruce  and  PEDCo  Environmental  determinations  seem  to  agree,  the  Hoock 
mass  means  are  almost  a  factor  of  four  larger.  If  Hoock's  masses  are  recalculated  using  the 
cloud  heights  suggested  by  the  vertical  samplers  instead  of  the  visible  cloud  tops  (see  Table  7), 
the  Hoock  masses  are  reduced  by  approximately  40  percent.  These  recalculated  masses  are  listed 

-■  as  "modified  Hoock"  masses  in  Table  8r(Unfortunately.  no  A  shot  clouds  tracked  through  the 
vertical  sampling  tower,  so  no  vertical  profile  data  are  available.)  However,  if  a  40-percent 
reduction  for  the  A  shot  clouds  is  used,  the  resultant  mass  falls  in  nicely  with  the  B  and  C  shot 
modified  values. 

73.  An  important  question  to  be  answered  in  the  high-explosive  phase  of  DOT  concerns  the  amount 
of  mass  that  remains  lofted  relative  to  the  mass  excavated  by  the  crater  generation.  Results  from 
Tables  5  and  9  provide  an  answer  to  this  question.  By  using  mean  values  from  excavated  masses 
and  cloud  masses,  values  of  approximately  2  percent  are  easily  derived  for  the  percentage  of  ex¬ 
cavated  mass  remaining  in  sustained  clouds  (Table  10).  Even  if  the  larger  cloud  mass  estimates  in 
Table  9  arc  assumed  (instead  of  the  means),  the  percentages  remain  smaller  than  5  percent. 
While  these  results  are  quite  significant,  it  should  be  emphasized  that  the  DOT  results  really  pro¬ 
vide  only  one  data  point  in  the  charge  weight-soil/terrain-crater  volume-cloud  mass  relationship 
as  these  values  are  valid  only  for  bare  ST  charges  and  a  rather  narrow  range  of  soil  and  moisture 
conditions.  Near-surface  buried  charges  create  larger  craters  and  are  suspected  to  result  in  more 
massive  dust  clouds.  Since  only  one  STB  dust  cloud  was  adequately  sampled  for  mass  deter¬ 
mination,  the  DOT  test  provides  no  statistics  for  cloud  masses  from  buried  shots. 

74.  Figure  21  is  a  plot  of  the  excavation  and  cloud  mass  means  given  in  Tables  5  and  9  for  all  the 
techniques  discussed  for  the  ST  trials.  The  Bruce  means  for  the  B  shots  do  not  include  B15,  as  it 
was  a  buried  shot,  nor  B7,  as  it  appears  extremely  anomalous.  All  values  have  been  rounded  to 
the  nearest  hundred  grams. 

75.  A  final  note  should  be  made  concerning  cloud  ages  at  sampling  time.  The  cloud  ages  at  the 
sampling  arrays  ranged  between  6  and  20  sec.  No  correlation  between  cloud  mass  and  cloud  age 
in  these  data  has  been  detected,  implying  that  cloud  masses  in  this  age  range  do  not  change 
significantly  and/or  the  errors  in  the  cloud  mass  estimates  overwhelm  changes  in  mass  for  this 
rather  narrow  time  interval.  It  does  seem  logical  that  cloud  mass  will  be  a  function  of  cloud  age 
as  settling  and  scavenging  occur,  at  least  until  the  cloud  reaches  a  quasi-stable  state.  However,  a 
much  wider  range  in  ages  than  those  observed  at  the  DOT  test  is  needed  for  confirming  this 
reasoning  and  to  establish  decay  rates. 


Cloud  heights 

76.  The  clouds  produced  by  the  ST  DOT  lest  shots  appeared,  in  general,  to  be  more  representative 
of  STB  shots  because  of  the  relatively  large  heights  attained.  It  is  proposed  that  this 
phenomenon  may  have  been  sauced  by  the  hard  subsurface  layer  found  throughout  the  test  site. 
This  fact  should  be  remembered  when  comparing  cloud  heights  of  this  lest  with  those  of  other 
high-explosive  lest  clouds. 
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Figure  21.  Estimated  cloud  masses  (by  four  different  methods)  compared  to  (heir  respective 

apparent  crater  volumes 


77.  The  cloud  heights  presented  in  Table  7  are  measured  in  two  ways.  The  first  is  from  the  Hoock 
cloud  mass  analysis  in  which  the  visible  tops  of  the  clouds  were  measured  from  the  video  tapes. 
The  second  is  from  the  vertical  sampler  data.  Striking  consistency  is  apparent  in  the  means  of 
both  sets  of  measurements.  The  visible  cloud  top  means  measured  from  the  video  are  very  nearly 
equal  for  all  three  groups  of  explosive  charges,  with  a  value  of  approximately  30  m.  However, 
the  scatter  among  individual  measures  is  quite  large.  In  contrast,  the  vertical  samplers  imply  very 
repeatable  but  charge-dependent  heights  for  the  dust  in  the  clouds,  giving  mean  heights  of  14.5 
and  18.5  m  for  the  B  and  C  shots,  respectively.  It  is  likely  the  difference  in  the  heights  between 
the  video-visible  and  sampler  measurements  is  due  to  the  fact  that  the  upper  portions  of  the 
clouds  are  buoyant,  i.e.,  mainly  hot  gases  and  burn  products  that  contain  little  dust.  This  con¬ 
jecture  draws  some  support  from  the  strong  color  difference  seen  between  the  upper  and  lower 
portions  of  the  cloud,  but  whether  a  significant  amount  of  dust  is  entrained  by  the  upper  cloud 
is  uncertain. 


Radii  and  widths 

78.  The  DOT  dust  clouds  have  been  characterized  in  this  analysis  by  defining  widths  in  two  different 
manners.  The  first  characterization  defines  ane'1  density  radius  r0  and  assumes  a  Gaussian  den¬ 
sity  distribution.  The  second  characterization  defines  obscuration  widths  based  on  obscuration 
times  below  50-,  37-,  10-  and  2-percent  transmission  levels, 

79.  The  first  manner  of  characterizing  the  cloud  radii  by  r„  has  been  approached  with  two  inde¬ 
pendent  sets  of  calculations.  One  set  has  been  determined  by  Bruce  using  the  Hi-Vol  density  pro¬ 
files.  By  assuming  a  Gaussian  distribution  to  the  observed  profiles,  e'1  radii  are  easily  measured. 
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These  radii  are  then  corrected  for  wind  angle  relative  to  the  sampler  array.  These  radii  have  been 
used  by  Bruce  in  calculating  cloud  masses.  The  second  set  of  e~x  radii  have  been  calculated  using 
the  transmissometer  data  as  described  below. 

80.  Assume,  as  before,  that  the  dust  clouds  are  circular  symmetric  in  the  horizontal  plane  and  have 
a  Gaussian  distribution  in  density.  Then,  as  the  clouds  drift  through  the  transmissometer  LOS,  a 
minimum  transmittance  will  occur  when  the  LOS  cuts  through  the  cloud  center.  Using  the  Beer- 
Lambert  law  at  the  minimum  transmittance  and  assuming  the  entire  cloud  lies  between  the 
transmitter  and  receiver  yields 
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where 

Tk  =  minimum  transmittance  at  wavelength  A 
oj  =  mass  extinction  coefficient  for  wavelength  A,  mVg 
q2  ?(0)  =  peak  concentration  at  the  2.5-m  level,  g/m3 

Integrating  and  solving  for  r0  gives 
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81 .  Problems  arise  once  the  minimum  detectable  transmittance  threshold  has  been  reached.  For  the 
DOT  lest,  this  limit  is  less  than  0. 1  percent  transmission.  Using  0. 1  percent  if  values  smaller  have 
been  recorded  causes  r0  to  be  underestimated.  This  is  not  a  major  problem,  as  threshold  values, 
when  they  occur,  are  usually  observed  for  very  short  time  intervals  (1-2  sec)  and  rarely  occur  in 
all  four  wavelength  hands.  Furthermore,  factor  of  10  lower  than  threshold,  0.01  percent,  results 
only  in  a  factor  of  2.3  in  r0  estimates. 

82.  Minimum  values  of  transmittance  did  not  always  occur  simultaneously  in  the  data  for  all  four 
wavelengths.  However,  since  the  minima  were  usually  within  1  or  2  sec  of  each  other,  only  mini¬ 
mum  transmittance  data  were  used  for  the  calculations. 

83.  The  mass  extinction  coefficients  used  were  those  of  Hoock  (Table  6).  The  peak  densities  at  2.5  m 
were  calculated  from  the  peak  densities  given  by  Bruce  at  1 .5  m  and  the  vertical  sampler  profiles. 

84.  The  results  of  these  radii  calculations,  along  with  those  values  determined  by  Bruce,  are  given  in 
Table  1 1 .  Although  the  B  shot  means  agree  quite  closely,  the  C  shot  means  are  obviously  in  dis¬ 
agreement.  The  transmission  radii  at  2.5  m  are  in  general  expected  to  be  somewhat  larger  as  the 
vertical  profiles  often  indicate  a  density  increase  from  the  surface  to  above  the  transmissometer 
LOS  at  2.5  m.  Recall  that  the  Bruce  radii  were  measured  from  the  Hi-Vol  profiles  at  1.5  m. 
While  the  accuracy  of  each  method  is  difficult  to  assess,  the  results  are  not  so  grossly  different  as 
to  prohibit  reasonable  estimates  of  r0  for  mean  dust  clouds. 

85.  The  second  width  characterization  of  the  dust  clouds  is  that  of  obscuring  widths  for  the  four 
transmissometer  wavelength  bands  at  thresholds  of  50,  37,  10,  and  2  percent  transmittance.  The 
method  here  has  been  to  find  the  total  time  for  a  given  threshold  and  wavelength  band  that  the 
transmittance  was  below  the  threshold  value  {sec  Appendix  A  for  histogram  data).  Then,  from 
the  meteorological  data,  the  wind  speed  component  perpendicular,  Ve,  to  the  transmissometer 
LOS  was  calculated  and  multiplied  by  the  total  obscuration  time  to  yield  the  obscuration  width. 
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Tables  12-15  display  the  results  of  this  analysis.  (Divide  the  widths  in  Tables  12-15  by  2  to  obtain 
obscuration  radii.)  Figures  22a-d  present  the  results  of  these  calculations.  Note  that  only  slight 
changes  are  seen  in  the  obscuration  widths  between  the  visible  and  the  infrared.  This  is  expected 
due  to  the  similarity  in  mass  extinction  coefficients  for  the  four  bandpasses  (see  Table  6). 

It  is  interesting  to  note  that  the  Pasquill  Stability  Category  shows  no  correlation  with  the  cal¬ 
culated  radii.  Thus,  it  is  proposed  that  through  the  early  life  of  clouds,  the  internal  turbulence 
created  by  the  blast  completely  overwhelms  the  surrounding  atmospheric  turbulence,  and  not 
until  this  explosive  turbulent  energy  is  dispersed  will  the  standard  atmospheric  diffusion  pro¬ 
cesses  become  dominant.  The  age  of  the  clouds  passing  through  the  transmissometer  LOS  ran 
from  6  to  20  sec.  A  study  of  the  video  tapes  suggests  a  significant  amount  of  turbulent  blast 
energy  apparently  remains  in  the  clouds  throughjhis  time  frame,  _thereby_supporting  the  above 
conjecture. 
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PART  V:  CONCLUSIONS  AND  RECOMMENDATIONS 

87.  The  DOT  tests  have  proved  successful  in  establishing  a  number  of  important  relationships  con¬ 
cerning  dust  cloud  production  by  high  explosives.  The  DOT  tests  have  also  provided  quantita¬ 
tive  characterization  of  these  dust  clouds  which  includes  physical  properties  and  obscurant 
potentials  in  four  different  spectral  bands.  The  results  of  the  DOT  I  and  II  tests  are  summarized 
below. 

Determination  and  Measurement  of  Relevant  Factors 

88.  One  of  the  most  important  results  to  come  out  of  this  study  is  the  relationship  established  be¬ 
tween  crater  volume  and  dust  cloud  mass.  From  the  analysis  presented  in  Part  IV,  it  has  been 
determined  that  approximately  2  percent  of  the  mass  excavated  from  a  crater  by  a  ST  detonation 
remains  lofted  in  a  young  cloud.  This  result  is  also  linked  to  the  initial  charge  weight  of  the  ex¬ 
plosive  through  the  charge  weight-crater  volume  power  law  relationship  (see  Part  IV,  paragraph 
54).  Therefore,  given  a  charge  weight  and  terrain/soil  parameters  similar  to  those  found  at  Fort 
Carson,  a  reasonably  accurate  prediction  of  cloud  dust  mass  can  be  made.  The  apparent  rela¬ 
tionship  between  charge  weight  and  excavated  mass,  regardless  of  soil  moisture,  density,  and 
type,  is  also  an  important  result  of  DOT.  This  relationship  certainly  warrants  more  study  given 
the  narrow  range  of  terrain/soil  parameters  occurring  at  the  test  sites. 

89.  Dust  cloud  physical  properties  determined  from  the  DOT  data  include  visual  heights,  dust 
heights,  cloud  widths  (both  dust  density  and  obscuring  widths),  and  mass  extinction  coeffi¬ 
cients.  The  mean  visual  heights,  which  include  the  buoyant  upper  portion  of  the  cloud,  have 
been  determined  to  be  approximately  30  m  for  all  three  charge  weights  used,  but  there  is  a  large 
scattei  about  these  means.  However,  the  mean  heights  at  which  the  measurable  dust  is  lofted  in 
these  young  clouds  have  been  determined  from  the  vertical  Gelman  samplers  to  be  14.5  and 
18.4  m  for  the  15-  and  25-lb  shots,  respectively  (refer  to  Table  7  for  the  cloud  height  statistics). 
The  cloud  widths  as  defined  by  dust  concentration  profiles  have  been  determined  using  the  Hi- 
Vol  samplers  and  also  by  the  transmissometer  observations.  These  density  widths  are  calculated 
to  be  approximately  15  and  25  m  for  the  15-  and  25-lb  shots,  respectively  (see  Table  1 1).  These 
widths  are  comparable  to  the  values  of  16-  and  28-m  determined  visible  obscuration  widths  (cor¬ 
rected  for  wind  speed  and  diicction)  of  10  percent  or  less  transmission  (see  Tables  12-15.)  Fur¬ 
thermore,  the  analysis  reveals  the  transmission  obscuration  width  of  a  dust  cloud  remains  nearly 
constant  in  the  four  bandpasses  observed  at  the  DOT.  This  is  a  reflection  of  the  small  change  in 
mass  extinction  coefficients  with  wavelength  observed  in  the  clouds,  ranging  from  0.18  m’/g  in 
the  visible  to  0.1 2  mVg  in  the  8.4-  to  12-^m  bandpass.  (Refer  to  Table  6.,  Future  test  characteri¬ 
zation  should  be  pursued  in  terrains/soils  different  from  those  at  Fort  Carson  in  order  to  iden¬ 
tify  the  major  relationships  between  cloud  properties,  charge  weight,  and  terrain  environmental 
parameters. 

90.  Observations  of  the  clouds  as  they  passed  through  the  sampling  arrays  indicate  the  clouds  were 
still  dissipating  turbulent  energy  generated  by  the  detonation.  These  observations  are  supported 
by  the  lack  of  correlation  between  Pasquill  Stability  Category  and  cloud  widths  as  measured  at 
the  samplers. 

91.  The  dust  clouds  generated  at  Fort  Carson  displayed  distinct  color  separations.  Typically  the 

I  upper,  buoyant  portions  tended  to  be  dark  or  black,  indicating  burn  products,  while  the  lower 

1  portions  tended  to  be  brownish,  indicating  a  preponderance  of  dust.  Outer  regions  ol  the  lower 

!  portions  of  the  clouds  were  often  whitish,  perhaps  remnants  of  shock-induced  dust  or  dust  of 

smaller  particle  sizes. 
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92.  Moisture  content  was  not  sufficiently  varied  at  the  two  sites  to  provide  meaningful  correlations 
with  dust  masses,  and  even  soil  properties  proved  to  be  more  similar  than  originally  expected  on 
the  basis  of  initial  field  inspections.  Grain  sizes  and  percentage  of  fines  proved  not  to  vary 
significantly  between  the  two  test  sites. 

Dust  cloud  mass  determination 

93.  The  difficulty  of  determining  the  mass  of  dust  lofted  in  a  cloud  created  by  explosion  necessitated 
extensive  and  redundant  sampling.  In  spite  of  the  elaborate  sampling  design  used  for  the  DOT 
tests,  only  t  bout  one-half  of  the  events  attempted  yielded  a  data  set  complete  enough  for 
analysis  by  the  various  mass  calculation  algorithms.  This  fact  reflects  the  short-term  variability 

-  in  wind  direction,  which  often  foiled  attempts  to  place  the  explosive  charges  in  locations  such  _ 
that  the  wind  would  carry  the  dust  clouds  across  the  sampler  array.  However,  incomplete  data 
sets  are  not  without  merit,  as  they  provide  crater  data  and  video  data  used  to  measure  cloud  sizes 
and  qualitative  information  on  cloud  dynamics.  Often  these  incomplete  data  sets  will  also  con¬ 
tain  transmissometer  data  or  dust  density  profile  data  in  one  dimension.  Therefore,  it  has  been 
concluded  the  sampler  array  approach  coupled  with  real-time  monitoring  of  wind  conditions  is  a 
satisfactory  approach  to  the  young  dust  cloud  sampling  problem.  The  mobile  multiple-tethered 
balloon  approach  used  in  DOT  II  allows  a  statistically  higher  degree  of  success  in  measuring  ver¬ 
tical  profiles  than  the  single-tower  approach  used  in  DOT  1. 


Charge  size  effects 

94.  The  DOT  tests  have  substantiated  the  findings  of  previous  workers  explaining  the  relationship 
between  charge  size  and  crater  volume  (the  1.111  power  law).  Unfortunately,  the  relationship 
among  charge,  crater  sizes,  and  amount  of  dust  lofted  has  not  been  thoroughly  investigated, 
largely  because  reliable  sampling  of  dust  clouds  is  so  difficult.  Furthermore,  the  influence  of 
specific  terrain  factors  such  as  soil  moisture  content,  soil  density,  and  soil  type  is  not  complete, 
lacking  sufficient  range  for  correlations  to  be  recognized  in  the  DOT  data.  This  fact  is  also  true 
of  previous  tests  of  this  nature  and  is  reflected  in  the  rather  crude  terrain  effects  scaling  factor 
used  by  COMBIC  (EOSAEL  82)  for  the  charge  weight-crater  volume  algorithm  (paragraph  54). 


Recommendations  for  Future  Studies 


Instrumentation 

95.  Instrumentation  that  is  interdependent  in  the  sense  of  data  analysis  should  be  collocated.  In  the 
DOT  trials,  significant  cloud  inhomogeneities  were  noted  to  exist  over  distances  as  short  as  1  m. 
(The  clouds  are  clumpy.)  Therefore,  if  test  analysis  requires  the  linking  of  data  from  two  in¬ 
struments  for  spatial  information,  e.g.,  nephelometer  and  Hi-Vol  data,  the  instruments  should 
be  placed  as  dose  together  as  possible.  Instrument  size  and  volume  of  influence  will,  of  course, 
dictate  the  limits  of  collocation. 


Charge  size 

96.  The  DOT  results  confirm  the  data  produced  for  previous  field  tests  concerning  the  charge 
weight-crater  volume  relationship.  Because  this  relationship  is  apparently  well  established  and 
because  secondary  influences  are  only  partially  understood,  we  recommend  future  test  designers 
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consider  holding  the  driver  (charge  and  shot  configuration)  constant  while  varying  the  second¬ 
ary  parameter.  Preferably,  the  test  should  be  designed  to  hold  all  parameters  constant  except  for 
the  variable  studied. 

Extension  of  event  sampling  time 

97.  In  terms  of  cloud  characterization,  future  test  efforts  should  address  the  problem  of  cloud 
evolution.  The  clouds  measured  at  the  DOT  exercises  were  approximately  10  sec  old,  still  dis¬ 
persing  a  significant  amount  of  turbulent  energy  and  containing  many  large  nonbuoyant  par¬ 
ticles.  A  question  that  must  be  answered  concerns  the  amount  of  mass  and  the  particle  size 
distribution  of  the  clouds  after  the  turbulent  energy  has  dissipated  and  the  large  particles  have 
settled.  It  is  the  older,  quasi-stable  clouds  that  may  ultimately  affect  battlefield  performance 
during  sustained  engagements. 

98.  Measurement  of  the  quasi-stable  cloud  presents  a  difficult  challenge  to  the  field  tester.  The  un¬ 
predictability  of  cloud  trajectories  makes  adequate  sampling  of  the  clouds  by  stationary  instru¬ 
mentation  either  haphazard  or  prohibitively  expensive.  Remote  sensing  techniques  probably 
offer  the  best  solution  to  this  problem  but  must  be  demonstrated  to  be  valid  or  at  least  consistent 
with  sampling  instrumentation.  Thus,  remote  sensing  techniques  should  be  validated  by  station¬ 
ary  sampling  instrumentation  in  a  few  tests  with  physical  layouts  much  like  those  used  in  the 
DOT. 


Optical  properties  of  cloud  components 

99.  Because  of  a  real  need  to  understand  the  optical  properties  of  the  explosively  generated  dust 
clouds,  quantitative  measurements  of  both  the  amount  and  spatial  distribution  of  burn  products 
must  be  made  in  future  tests.  Strong  color  differences  seen  in  the  clouds  produced  in  the  DOT  as 
well  as  the  vertical  mass  measurements  indicate  the  majority  of  the  dust  is  in  the  lower  portion  of 
the  clouds  while  much  of  the  hot  burn  products  are  in  the  buoyant  upper  portion.  However,  sig¬ 
nificant  amounts  of  burn  products  in  the  lower  portion  will  strongly  affect  the  transmissometer 
data  and  lead  to  calculations  of  erroneous  extinction  coefficients  for  the  dust.  These  results  will 
definitely  affect  the  ability  of  most  remote  sensing  techniques  to  determine  accurate  cloud 
masses. 

100.  The  effects  of  vegetation  characteristics,  which  have  generally  been  excluded,  may  warrant  more 
careful  consideration.  Future  tests  should  provide  more  detailed  characterization  and  measure¬ 
ment  of  vegetation  type,  density,  and  coverage. 

Environmental  parameters 

101 .  We  need  to  know  much  more  precisely  how  soil  moisture  contributes  to  dust  loading.  Such  a  test 
should  be  conducted  in  an  area  where  the  soil  structure  (density,  composition,  percent  fines, 
etc.)  and  vegetation  cover  are  reasonably  constant  over  the  site  and  the  charge  weight  and  con¬ 
figuration  (e.g.,  surface  tangent  or  buried)  remain  unchanged  from  shot  to  shot.  The  moisture 
content  could  be  varied  artificially,  and  a  statistically  significant  number  of  shots  should  be  con¬ 
ducted.  The  results  of  these  tests  w  ould  provide  very  important  results  concerning  dust  potential 
for  a  terrain  soil.  The  range  of  moisture  contents  covered  by  DOT  suggests  there  are  quite  likely 
saturation  values  of  moisture  for  a  given  soil  which,  when  reached,  will  dramatically  alter  the 
dust  potential.  If  these  thresholds  can  be  established,  the  field  commander  may  no  longer  re¬ 
quire  precise  soil  moisture  content  analysis  for  estimating  dust  potential,  but  may  be  able  to  use 
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rather  crude  and/or  simple  measurement  techniques.  Certainly,  different  soil  types  are  expected 
to  yield  different  threshold  values,  so  the  soil  moisture  experiments  must  be  conducted  at  a 
variety  of  sites.  Defining  the  environmental  parameters  could  lead  to  a  refinement  of  the  scaling 
factor  used  in  the  EOSAEL  82  COMBIC  model  to  predict  crater  volumes  produced  by  a  certain 
charge  weight. 


Summary 

102.  The  lesson  learned  from  the  Fort  Canon,  Colo.,  DOT  exercises  is  that  quantifying  cloud  masses 
generated  by  an  explosive  charge  is  possible,  though  difficult.  Larger  sampler  arrays  extended 
over  greater  distances  along  the  cloud  path^would  yield  information  unattainable  and  difficult  to 
estimate  using  present  techniques.  Moreover,  sampling  older  clouds  would  permit  identification 
of  the  time  at  which  forces  of  the  blast  become  negligible  when  compared  to  “natural”  atmo¬ 
spheric  turbulence.  At  this  point,  existing  atmospheric  models  could  be  employed  to  predict 
cloud  behavior  and  content,  and  the  precision  of  their  predictions  could  be  determined. 
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Tfcble  t 

High-Explosive  Trial  Log,  DOT  l 


Trial* 

Date 

(1983) 

Charge 

Config¬ 

uration 

Detonation 
Coordinates,  m 

Wind 

Pasquill 

Category 

Crater 

Profile 

X 

Y 

m/sec  deg 

A1 

4-19 

BL,ST 

0.0 

94.5 

5.4 

230 

B 

Y 

A2 

4-19 

BL,ST 

2.4 

78.9 

5.9 

259 

B 

Y 

A3 

4-19 

S,ST 

-6.1 

106.1 

8.2 

278 

D 

Y 

A4 

4-20 

S,ST 

78.1 

65.1 

3.3 

94 

B 

Y 

A5 

4-20 

S,ST 

77.7 

9.0 

2.3 

128 

A 

Y 

”“A6 

“  -*22- 

-  S,ST - 

-  69.7 

-66.8- 

-6.3 

32 

—  D 

Y  - 

A7 

4-25 

S,ST 

7.7 

75.2 

5.7 

290 

C 

Y 

A8 

4-25 

S,ST 

0.9 

63.5 

3.1 

112 

A 

Y 

A9 

4-25 

S,ST 

30.7 

20.9 

2.6 

156 

A 

Y 

HI 

4-20 

S,ST 

66.3 

5.2 

3.0 

136 

A 

Y 

B2 

4-20 

S,ST 

50.4 

4.5 

3.0 

129 

B 

Y 

B3 

4-21 

S,ST 

-16.0 

78.4 

6.7 

267 

C 

Y 

B4 

4-21 

S,ST 

-14.9 

88.8 

6.8 

283 

C 

ND 

B5 

4-21 

S,ST 

37.9 

18.5 

0.9 

100 

D 

Y 

B6 

4-22 

ND.ST 

61.7 

72.7 

6.2 

33 

D 

Y 

B7 

4-22 

S,ST 

80.9 

69.1 

8.8 

30 

D 

ND 

B8 

4-23 

S,ST 

53.3 

18.3 

4.0 

114 

B 

Y 

B9 

4-23 

S,ST 

88.9 

-0.6 

3.6 

95 

C 

Y 

BIO 

4-26 

S.ST 

43.5 

17.8 

5.6 

117 

B 

Y 

Bll 

4-26 

BL.ST 

39.1 

9.4 

5.1 

136 

C 

Y 

B12 

4-26 

BL,STB 

65.0 

-11.4 

4.4 

131 

B 

Y 

E13 

4-26 

BL.STB 

51.4 

-11.5 

5.1 

125 

B 

Y 

B14 

4-26 

BL.AGL 

60.5 

9.8 

5.7 

146 

B 

N 

BI5 

4-26 

BL.STB 

36.1 

2.8 

5.8 

155 

C 

Y 

BI6 

■4  26 

Bl.(3),ST** 

44.0 

10.0 

3.0 

145 

C 

N 

54.8 

9.4 

65.9 

9.2 

Cl 

4-20 

S.ST 

57.0 

14.3 

2.8 

109 

D 

Y 

C2 

4-21 

,  BL,ST 

81.7 

97.7 

4.4 

56 

B 

Y 

C3 

4-21 

BL,ST 

80.6 

42.1 

5.9 

70 

D 

Y 

C4 

4-22 

BL.ST 

65.7 

79.3 

7.0 

25 

D 

N 

C5 

4-22 

BL.ST 

90.6 

71.0 

8.8 

52 

C 

ND 

C6 

4-23 

BL.ST 

29.8 

5.6 

3.5 

157 

B 

Y 

C7 

4-23 

BL.S1 

57.2 

3.1 

5.3 

117 

D 

Y 

C8 

4-23 

BL.ST 

65.3 

17.5 

4.6 

118 

B 

Y 

C9 

4-23 

BL.ST 

75.7 

-13.9 

4.9 

140 

D 

Y 

CIO 

4-25 

BL.ST 

10.2 

23.5 

8.1 

212 

C 

Y 

NOTE:  BL  =  charge  shape— block,  S  =  charge  shape — spherical,  ST -surface  tangent,  STB  =  sur¬ 
face  tangent  buried,  AGL  =  above  ground  level,  Y  =  yes,  N  -  no,  ND  =  no  data. 

*  A -7.5  lb  of  C  -4,  B  —  1 5  !b  of  C-4,  C-25  lb  of  C-4. 

**  Three  15-lb  shots  in  scries. 


Table  2 

High-Explosive  Trial  Log,  DOT  II 
Detonation 


Trial* 

Date 

(1983) 

Charge 

Config¬ 

uration 

Coordinates 
Distance  Azimuth 
m  deg 

Wind 

m/sec  deg 

Pasquill 

Category 

Crater 

Profile 

01B(8)** 

8-4 

S,ST 

50 

150 

2.5 

170 

ND 

Y 

02B(9) 

8-4 

S,ST 

46 

179 

2.7 

155 

ND 

Y 

03C(I0) 

8-4 

S,ST 

45 

165 

2.5 

110 

ND 

Y 

04B(1 1)  - 

-8-4  — 

— 

- 50 

-  112  - 

-3.4  - 

-115 

-  ND  - 

Y 

50 

97 

05B(14) 

8-5 

S,ST 

46 

75 

3.4 

80 

ND 

V 

47 

61 

Y 

46 

45 

Y 

06C(15) 

8-5 

S,ST 

55 

75 

2.9 

75 

ND 

Y 

51 

91 

Y 

ND 

ND 

ND 

07C(16) 

8-5 

S.ST 

37 

90 

4.0 

75 

ND 

ND 

08(17)* 

8-5 

S.ST 

ND 

ND 

ND 

ND 

ND 

ND 

NOTE:  S  =  charge  shape— spherical,  ST  =  surface  tangent,  Y  =  yes,  ND  =  no  data. 


*  B  =  15  lb  of  C-4,  C  =  25  lb  of  C-4. 

**  Trial  number  of  DOT  II  records  in  parentheses.  The  leading  alphanumeric  identifier  will 
be  used  to  designate  the  high-explosive  DOT  II  shots  in  this  report, 
t  Three  20-lb  charges/no  data  available. 


Table  3 

Crater  Volumes 


Preshot 

Moisture 

Bulking 

Apparent 

True 

Apparent  Volume/ 

Density 

Content 

Factor 

Volume 

Volume 

kg  TNT 

Trial 

g/cm! 

<70 

dimensionless 

m* 

m* 

mVkg  TNT 

A1 

- 

11.5 

- 

0.118 

0.420 

0.032 

A2 

1.43 

13.1 

1.53 

0.151 

0.493 

0.040 

A3 

- 

10.4 

- 

0.065 

0.242 

0.017 

A4 

1.54 

33.3 

1.42 

0.110 

0.204 

0.029 

A5 

1.32 

26.7 

1.24 

0.095 

0.178 

0.025 

A6 

1.38 

13.9 

1.32 

0.126 

0.383 

0.034 

A7 

1.38 

13.0 

- 

0.140 

0.378 

0.037 

A8 

1.36 

11.4 

- 

-  0.1C7  - 

0.161- 

0.029 - 

A9 

1.39 

9.3 

1.20 

0.172 

0.429 

0.046 

B1 

1.36 

19.5 

1.55 

0.263 

0.750 

0.035 

B2 

1.52 

22.0 

1.60 

0.224 

0.848 

0.030 

B3 

1.36 

13.3 

1.46 

0.215 

0.738 

0.029 

B5 

- 

11.5 

- 

1.252 

2.375 

0.318 

B6 

1.38 

13.1 

1.33 

0.231 

1.260 

0.031 

B7* 

1.28 

11.8 

1.12 

0.230 

0.840 

0.031 

B8 

1.43 

12.4 

1.27 

0.335 

0.930 

0.045 

B9 

1.42 

12.9 

1.25 

0.221 

0.529 

0.030 

BIO 

1.37 

12.4 

1.18 

0.191 

0.875 

0.026 

Bll 

1.34 

11.8 

1.33 

0.143 

0.547 

0.019 

B12 

1.28 

12.1 

1.06 

0.779 

1.674 

0.104 

B13 

1.44 

7.2 

1.21 

0.440 

2.013 

0.059 

B15 

1.26 

- 

1.13 

0.810 

1.832 

0.108 

Cl 

1.44 

23.6 

1.46 

0.465 

0.893 

0.037 

C2 

1.84 

11.2 

1.92 

0.440 

1.350 

0.035 

C3 

1.26 

12.8 

1.20 

0.510 

1.139 

0.041 

C4* 

1.36 

13.5 

1.20 

0.310 

0.800 

0.025 

C5* 

1.23 

12.7 

1 .10 

0.560 

1.300 

0.045 

C6 

1.34 

13.9 

1.18 

0.484 

1.284 

0.039 

C7 

1.31 

11.6 

1.19 

0,392 

1.862 

0.031 

C8 

1.48 

12.1 

1.32 

0.481 

1.598 

0.039 

C9 

1.45 

11.7 

1.33 

0,694 

1.327 

0.056 

CIO 

1.31 

12.4 

1.55 

0.443 

1.335 

0.036 

IB 

1.71 

11.6 

- 

0.320 

0.480 

0.043 

2B 

1.94 

17.5 

- 

0.188 

0.254 

0.025 

3C 

1.93 

13.2 

- 

0.393 

0.517 

0.032 

4B(a) 

1.78 

11.6 

- 

0.243 

0.309 

0.033 

4B(b) 

1.70 

10.5 

- 

0.151 

0.288 

0.020 

5B(a) 

1.69 

7.9 

- 

0.196 

0.238 

0.026 

513(b) 

1.50 

8.2 

- 

0.110 

0.228 

0.015 

513(c) 

1.71 

5.0 

- 

0.118 

0.256 

0.016 

6C(a) 

1.79 

8.1 

- 

0.360 

0.481 

0.029 

6C(b) 

1.62 

8.3 

- 

0.323 

0.467 

0.026 

*  Only  crater  diameters  and  central  depths  were  recorded.  Volumes  are  calculated  assuming  these 
craters  to  he  cone  shaped. 


Table  4 

Mean  Crater  Volumes,*  m* 


Charge  Weight 

Apparent 

TYue 

'lb 

DOT  I 

DOTH 

DOT  1 

DOTH 

7.5  (ST) 

0.119 

- 

0.320 

- 

(0.120) 

• 

(0.321) 

- 

15.0  (ST) 

0.226 

0.187 

0.745 

0.281 

(0.228) 

(0.189) 

(0.809) 

(0.293) 

25.0  (ST) 

0.490 

0.357 

1.345 

0.486 

(0.489) 

(0.359) 

(1.349) 

(0.488) 

15.0  (STB) 

0.674 

- 

1.835 

- 

(0.674) 

- 

(1.837) 

- 

*  These  volumes  are  calculated  from  mean  crater  profiles  (see  text). 
Values  in  parentheses  are  means  computed  from  the  volumes  of 
the  individual  craters  listed  in  Table  3.  Crater  volumes  B7,  C4, 
and  C5  have  been  omitted  from  these  mean  calculations  as  no 
profiles  were  measured.  The  B5  volume  has  also  been  omitted  as 
the  charge  was  inadvertently  placed  on  a  core  sample  hole. 


Table  5 

Mass  Excavation  for  ST  Shots 


Test 

Charge 

Weight 

Density,  g/cm' 

Moisture 

Content 

Apparent 

Volume 

Calculated 

Excavated 

Mass 

Volume/ 

£ 

£ 

lb 

Wet 

Dry 

°'o 

m’ 

kg 

kg  TNT 

£ 

DOT  I 

7.5 

1.40 

1.19 

17.2 

0.119 

142 

0.032 

/  < 

9 

DOT  I 

15 

1.40 

1.22 

14.7 

0.226 

276 

0.030 

DOT  II 

15 

1.72 

1.56 

10.3 

0.187 

292 

0.025 

DOT  1 

25 

1.40 

1.23 

13.7 

0.490 

603 

0.039 

DOT  II 

25 

1.78 

1.62 

9.9 

0.357 

578 

0.029 

Table  6 

Path  Integrated  Dosage  and  Mass  Extinction 
[Mass  Extinction  Coefficients,  m:.  g) 


Dosage 

Inteeration 

Wavelength  l, 

Trial 

g  •  sec/m' 

0.4-0. 7 

1,06 

3.8 

8.4-12 

B4 

264. 

0.21 

0.18 

0.15 

0.16 

B5 

1,910, 

0,14 

0.15 

0.11 

0.08 

B6 

104. 

0.21 

0.14 

0.12 

0.12 

C4 - 

-  149.  - 

■  -0.28  — 

0.26  - 

0.19  - 

-  -0,24-  - 

A" 

156. 

0.17 

0.18 

0.12 

0.12 

A8 

192-250 

0.12-0.16 

0.13-0.17 

0.10-0.14 

0.11-0.15 

BIO 

186. 

0.16 

0.14 

0.1! 

0.11 

B13 

388. 

0,16 

0.18 

0.12 

0.11 

Average 

0.18 

0.16 

0.12 

0.13 

Table  ' 

Mean  Dust  Cloud  Heights  tor  DOT  1.  m 


Charge 

Number 

Video  Tape> 

\  'Bible 

Mean  Siandaid 

Number 

Vertical  Samplers 

Mean  Standard 

Weight 

ot  Cloud' 

Height,  m 

De  i  it  ion .  m 

ot'  ClOlid' 

Height,  m 

Dev  iation. 

A 

3i.'.  3  !2.' 

- 

- 

B 

6 

2'T" 

U.5 

< 

14,5 

2.3 

Table  9 

Cloud  Mass  Means,  g 


Shots 


Method 

A* 

B 

C 

Modified  Hoock 

6,600 

(4,200) 

10,500 

(4,200) 

16,800 

(5,400) 

Bruce 

- 

3,900 

(2,000) 

6,100 

(3,100) 

Rectangular  Bruce 

- 

6,100 

(3,100) 

7,300 
'  (4,900) 

PEDCo 

- 

5,400 

(1,400) 

6,400 

(1.100) 

Average  of  means 

- 

6,500 

9,200 

Mean  for  individual  shots** 

- 

6,600 

(3,400) 

9,200 

(6,122) 

NOTE:  Masses  for  B7  and  B15  shots  have  been  omitted  from  all  cal¬ 
culations  in  Table  10.  Standard  deviations  are  in  paren¬ 
theses,  and  all  table  values  have  been  rounded  to  the  nearest 
hundred  grams. 

*  Unmodified  Hoock  values.  No  A  shots  passed  through  the  verti¬ 
cal  sampler. 

**  The  following  shots  were  used  to  calculate  the  means  for  indi¬ 
vidual  shots: 

B:  Modified  Hoock— B4.  B6.  B7 

Bruce,  Rectangular  Bruce— B4,  B6,  Bll 
PEDCo-OlB.  02B 

C:  Modified  Hoock— C'l,  C4,  C5.  C6.  C8,  C9 

Bruce,  Rectangular  Bruce— Cl,  C3,  C4,  C5,  C6,  C8,  C9,  CIO 
PEDCo — 03 C,  07C 


Table  10 

Sustained  Cloud  Dust 


Excavated 

Cloud 

Percent 

Excavated 

Shot 

Mass  Means,  kg 

Mass  Means,  kg 

in  Clouds 

A* 

14: 

6.6** 

4.6 

B 

:s4 

6.6 

2,3 

C 

591 

9.: 

1.6 

*  Culcu 

luted  from  DOT  I 

data  onlv. 

**  Unmodified  Hoock  method. 


Table  1 1 
Density  Radii 


Radii,  m 


2.5-m 

Density 

Wavelength 

Bruce 

Shot 

g/cm’ 

Visible 

1.06  jim 

3.4 

8.4-12  fim 

Mean 

Mean 

B4 

1.864 

11.62 

10.99 

13.04 

13.30 

12.24 

6.54 

(0.001)* 

(0.003) 

(0.0057) 

(0.0038) 

B6 

1.782 

12.85 

5.50 

5.08 

6.39 

7.28 

10.20 

(0.001) 

(0.0623) 

(0.1459) 

(0.0727) 

Bir 

-  2.601  - 

6.72  - 

7.59  - 

-  6:85 

11:53 — 

-  8.17 

7.14 

(0.0038) 

(0.0037) 

(0.0227) 

(0.001) 

B15 

6.002 

3.00 

3.48 

3.15 

4.87 

3.63 

4.74 

(0.0032) 

(0.0027) 

(0.0180) 

(0.0012) 

Means  for  1 5-lb  shots 

7.83 

7.16 

Cl 

1.795 

12.06 

12.10 

13.89 

13.61 

12.91 

6.30 

(0.001) 

(0.0021) 

(0.005) 

(0.0036) 

C3 

1.042 

18.69 

23.37 

31.17 

28.77 

25.50 

8.34 

(0.002) 

(0.001) 

(0.001) 

(0.001) 

C4 

1.267 

17.09 

16.56 

16.63 

23.66 

19.17 

13.26 

(0.001) 

(0.0026) 

(0.0113) 

(0.001) 

C5 

1.093 

19.81 

22.28 

29.71 

27.43 

24.81 

16.14 

(0.001) 

(0.001) 

(0.001) 

(0.001) 

C8 

4.186 

5.17 

4.42 

4.65 

6.89 

5.28 

7.44 

(0.001) 

(0.0053) 

(0.0161) 

(0.0013) 

C9 

1.412 

15.33 

12.85 

13.59 

11.31 

13.27 

7.92 

(0.001) 

(0.0058) 

(0.0169) 

(0.0252) 

CIO 

1.740 

12.44 

11.04 

10.55 

17.23 

12.81 

6.66 

(0.0C!) 

(0.0043) 

(0.201) 

(0.001) 

Means  for  25-lb  shots 

16.25 

9.44 

*  Minimum  transmission  is  given  in  parentheses. 


Table  12 

Obscuration  Widths  (Visible) _ 

Percent 

Transmission  Widths,  m 


WSP 

Cloud 

37 

Shot 

m/sec 

WSP  (1) 

PASQ 

Age,  sec 

50 

(O 

10 

2 

A3 

8.16 

4.56 

D 

14.5 

50.2 

18.2 

0.0 

0.0 

A5 

2.33 

2.13 

C 

14.5 

12.8 

0.0 

0.0 

0.0 

A6 

6.29 

3.42 

D 

7.9 

13.7 

10.3 

0.0 

0.0 

— -A7-. 

5.71  _ 

_  4.16 

.  C__ 

8,5. _ 

33.3 

33.3 

16.7 

4.6 

A9 

2.61 

2.61 

A 

7.3 

28.7 

23.5 

13.1 

7.8 

81 

3.03 

2.93 

A 

11.8 

64.4 

44.0 

20.5 

2.9 

B2 

2.98 

2.73 

B 

13.0 

57.3 

43.7 

2.7 

0.0 

B3 

6.66 

2.71 

C 

14.1 

27.1 

24.4 

16.3 

5.4 

B4 

6.76 

4.32 

C 

11.3 

51.8 

43.2 

30.2 

25.9 

B6 

6.20 

3.13 

D 

10.5 

25.0 

18.8 

6.3 

3.1 

B7 

8.79 

4.83 

D 

6.1 

53.1 

48.3 

33.8 

29.0 

B8 

3.99 

3.12 

B 

6.9 

56.1 

34.3 

12.5 

9.4 

B9 

3.61 

1.92 

C 

21.1 

23.1 

21.2 

7.7 

3.9 

Cl 

2.81 

2.02 

D 

12.7 

68.6 

58.5 

30.3 

14.1 

C4 

7.02 

4.33 

D 

9.1 

43.3 

43.3 

26.0 

8.7 

C5 

8.82 

1.62 

C 

19.2 

48.7 

47.0 

34.1 

21.1 

C7 

5.32 

4.32 

D 

8.5 

60.5 

34.6 

17.3 

4.3 

C8 

4.60 

3.76 

B 

6.0 

41.4 

37.6 

22.6 

11.3 

C9 

4.85 

4.73 

D 

11.4 

71.0 

61.5 

37.9 

18.9 

(A)* 

5.02 

3.38 

- 

10.5 

27.7 

17.1 

6.0 

2.5 

(15.5)** 

(12.7) 

(8.3) 

(3.6) 

(B) 

5.25 

3.21 

- 

11.9 

44.7 

34.7 

16.3 

10.0 

(16.7) 

(11-7) 

(113) 

(112) 

(C) 

5.57 

3.46 

- 

11.2 

55.6 

47.2 

28.0 

13.1 

(12.9) 

(11.0) 

(7.6) 

(6.3) 

NOTE:  WSP  =  wind  speed,  WSP  (  j  )  =  wind  speed  perpendicular  to  the  transmissometer 
line-of-sight,  PASQ  =  Pasquill  Stability  Category. 

*  Mea.i  values  for  charge  weight. 

**  Standard  deviations  are  displayed  in  parentheses. 


Table  13 

Obscuration  Widths  (1.06  ^m) 


Percent 

Transmission  Widths,  m 


WSP 

Cloud 

37 

Shot 

m/sec 

WSP  (1) 

PASQ 

Age,  sec 

50 

(e ') 

10 

2 

A3 

8.16 

4.56 

D 

14.5 

54.7 

18.2 

0.0 

0.0 

A5 

2.33 

2.13 

C 

14.5 

10.7 

0.0 

0.0 

0.0 

A6 

6.29 

3.42 

D 

7.9 

20.5 

13.7 

0.0 

0.0 

A7 

5.71 

4.16 

C 

8.5 

33.3 

33.3 

16.6 

8.3 

—  A9 

2.61 

-2.61-  - 

A 

-  7.3  - 

-  28.7  — 

20.9 

13.1 — 

10.4 

B1 

3.03 

2.93 

A 

11.8 

61.5 

44.0 

20.5 

0.0 

B2 

2.98 

2.73 

B 

13.0 

57.3 

43.7 

5.5 

0.0 

B3 

6.66 

2.71 

C 

14.1 

27.1 

24,4 

16.3 

10.8 

B4 

6.76 

4.32 

C 

11.3 

51.8 

43.2 

34.6 

21.6 

B6 

6.20 

3.13 

D 

10.5 

25.0 

21.9 

3.1 

0.0 

B7 

8.79 

4.83 

D 

6.1 

53.1 

48,3 

33.8 

29.0 

B8 

3.99 

3.12 

B 

6.9 

56.1 

31.2 

12.5 

6.2 

B9 

3.61 

1.92 

C 

21.1 

25.0 

19.2 

5.8 

1.9 

Cl 

2.81 

2.02 

D 

12.7 

72.7 

60.6 

34.3 

24.2 

C4 

7.02 

4.33 

D 

9.1 

47.6 

43.3 

30.3 

17.3 

C5 

8.82 

1.62 

C 

19.2 

50.2 

47.0 

35.6 

22.7 

C7 

5.32 

4.32 

D 

8.5 

60.5 

34.6 

25.9 

8.6 

CS 

4.60 

3.76 

B 

6.U 

41.4 

37.6 

26.3 

15.0 

C9 

4.85 

4.73 

1) 

11.4 

71.0 

61.5 

42.6 

9.5 

(A)* 

5.02 

3.38 

- 

10.5 

29.6 

13.6 

5.9 

3.7 

(16.5)** 

(13.3) 

(8.2) 

(5.2) 

(B) 

5.25 

3.21 

- 

11.9 

44.6 

34.5 

16.5 

8.7 

(15.9) 

(11.6) 

(12.4) 

(11.1) 

(O 

5.57 

3.46 

- 

11.2 

57.2 

47.4 

32.5 

16.2 

02.9) 

(11.4) 

(6.4) 

(6.5) 

NOTE 

:  WSP  = 

wind  speed. 

WSP  ( 

j  )  =  wind 

speed  perpendicular  to  the  transmissometer 

linc-of-sight.  PASQ  -  Pasquil!  Stability  Category. 


*  Mean  values  lor  charge  w eight . 

**  Standard  deviations  arc  displayed  in  parentheses. 
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Table  14 

Obscuration  Widths  (3.8  ^m) 


Shot 

WSP 

m/sec 

WSP(l) 

PASQ 

Cloud 
Age,  sec 

Percent 

.  TVansmission  Widths,  m 

37 

50  (e1)  10  2 

A3 

8.16 

4.56 

D 

14.5 

36.5 

4.6 

0.0 

0.0 

A5 

2.33 

2.13 

C 

14.5 

6.4 

0.0 

0.0 

0.0 

A6 

6.29 

3.42 

D 

7.9 

13.7 

10.3 

0.0 

0.0 

A7 

5.71  - 

-4.16 

C 

-  -  8.5  ~  - 

33.3 

-  29.1-  - 

12.5 

0.0 

A9 

2.61 

2.61 

A 

7.3 

26.1 

20.9 

10.4 

2.6 

B1 

3.03 

2.93 

A 

11.8 

55.7 

44.0 

20.5 

0.0 

B2 

2.98 

2.73 

B 

13.0 

49.1 

38.2 

0.0 

0.0 

B3 

6.66 

2.71 

C 

14.1 

27.1 

24.4 

13.6 

5.4 

B4 

6.76 

4.32 

C 

11.3 

51.8 

43.2 

30.2 

17.3 

B6 

6.20 

3.13 

D 

10.5 

21.9 

18.8 

0.0 

0.0 

B7 

8.79 

4.83 

D 

6.1 

53.1 

48.3 

29.0 

0.0 

B8 

3.99 

3.12 

B 

6.9 

49.9 

25.0 

9.4 

3.1 

B9 

3.61 

1.92 

C 

21.1 

25.0 

19.2 

5.8 

0.0 

Cl 

2.81 

2.02 

D 

12.7 

64.6 

58.5 

30.3 

20.2 

C4 

7.02 

4.33 

D 

9.1 

47.6 

39.0 

21.7 

8.7 

C5 

8.82 

1.62 

C 

19.2 

48.7 

47.0 

29.2 

14.6 

C7 

5.32 

4.32 

D 

8.5 

51.8 

34.6 

25.9 

0.0 

C8 

4.60 

3.76 

B 

6.0 

41.4 

37.6 

18.8 

3.8 

C9 

4.85 

4.73 

D 

11.4 

71.0 

61.5 

33.1 

4.7 

(A)* 

5.02 

3.38 

- 

10.5 

23.2 

13.0 

4.6 

0.5 

(12.8)** 

(119) 

(6.3) 

(1.2) 

(B) 

5.25 

3.21 

- 

11.9 

41.7 

32.6 

13.6 

3.2 

(14.3) 

(12.0) 

(12.0) 

(6.0) 

(C) 

5.57 

3.46 

• 

11.2 

54.2 

46.4 

26.5 

8.7 

(11.3) 

(11.4) 

(5.4) 

(7.5) 

NOTE:  WSP -wind  speed,  WSP  ( j  )  -  wind  speed  perpendicular  to  the  transmissometer 
line-of-sight,  PASQ  =  Pasquill  Stability  Category. 


*  Mean  values  Cor  charge  weight, 

**  Standard  deviations  arc  displayed  in  parentheses. 
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CRATEH  VOLUMES  (M««3):  DENSITIES  (G/CH»»3>: 

"rue  Crater.  0.2S6  Pre-Shot:  1.71 

Apparent  Crater:  0.118  Post  Shot:  1.71 

Flow:  0.138 
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PIT  SOIL  DATA:  DOT  I 
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U.5.  STlIHOnrfO  Sieve  Cf CM  1  HO  IN  JMCMtS 

U.s. 

STflNOR.tO 

Sieve 

Nunsess 

HfOROrtCTER 

6  4  3  2  it  1  1  i  j  3 

4  6  6  10 

16  20 

30  40 

50  70  100  140  200 

lllgi 

iiiin 


hi 


COBBLES 


PL  4, 


SILT  OR  CLAY 


CLflSSJf ICATION 

SANLY  CLAY  (CL)  ,  l.ir-MT  »*■?< *'V;: 


PROJECT  CO :  PORT  CARSON,  CO, 

YO 


GRHUrlTlON  CURVE 


BORING  NO  .  P-59 

CEPTM/ELEV  100 


SAMPLE  NO.  0 
OATE  17  A'JO  83 


BIO 


PERCENT  COARSER  BY  WEIGHT 


PERCENT  FINER  BY  WEIGHT 


BORING  NO.  HE-C8B 
QEP  TH /ELEV  SURFACE 


SRMPLE  NO.  0 
DATE  19  AUG  83 


PERCENT  CORRSER  BY  WEIGHT 


liljiiifliiy 
ESIIIIIBM 
iiiiiiibB 
iiiiiiibB 
iiiiiiibB 

IIIIIIIM 

iiihiibi 
iiiiiiiii 
imiini 
iiihiibi 
liiiiiun 
iiiiiiibB 
lilllllHH 
imimm 
iiiiiiiafl 
iiiiiiiam 

iiiiiihm 

iimiiafl 

IIIIIIIBI 

iiiiiiibB 


lllkfiiMI 

JIIIIIBH 
IIIIIBI 
IIIIIBI 
iiiuig 
IIIIIBI 
IIIIIBI 
llllllflfl 
iiiiiibB 

II 

IIIIIIBI 

iiiiiibB 
iiiiiibB 

iiiiiibB 
iiiiiibB 

iiiiiibB 
iiiiiibB 
iiiiiibB 
iiiiiibB 
iiiiiibB 


16  20  30  40  50  70  100  140  200 


IIIIIIBI 

iillllfll 

IlllikS! 

IIIIIIBI 

IIIIIIBI 

IIIIIIBI 

IIIIIIBI 

Iillllfll 

IIIIIIBI 

IIIIIIBI 

IIIIIBI 

IIIIIBI 

IIIIIBI 

IIIIIBI 

IIIIIBI 

IIIIIBI 

IIIIIBI 

IIIIIBI 

IIIIIBI 

IIIIIBI 


MiliilllflH 

immilllBH 

■HIIIIIIBH 
IBIIIIIIBH 
Hi'IIIIBH 
lll'IIIBH 
III;  an 
IIIIIIIBI 
IIIIHBH 
llllilBBI 
IIIIM 
IIIIM 
llllIBKJ 
IIIIIM 

mum 

IIIIIIH 
IIIIIM 
IIIIIM 

lllllflfll 
IIIIIM 


IIIIIIIBM 
iiiiiiiifl 

iiiihibB 

■IIIIIBI 
IIIIIBI 
IIIIIBI 
IIIIIBI 

lining 

Iillllfll 
IIIIIIBI 
IIIIIIBI 
Iillllfll 

iiiinan 

lilllllBMI 

:!>IIBW 

IIIHBHI 

llllllMI 

IIHIBBli 

IIIIIBMI 

lllllIBHI 


MR  IN  sue  1M  niLLINCTERS 


LL  28 

PL  20 

P1  8 

03  2.64 

MI  H.Z 

SKT  OR  CIRY 


classification 


SANDY  CLAY  (CL),  BROWNISH  CRAY 


GRADATION  CURVE 


PROJECT  DOT.  FORT  CRRSON.  CO.  DOT  : 
X43,  Y18 

B0RIN0  NO.  HE-BI0R  SRnPLE  NO.  0 
SURFACE 

OtPTH/ELEV  RIN/EJECTR  0RTC  19  RU0  S3 
_ TAKEN 


Hill 

urn 


IIIIIBI 
IIIIIBI 

iiiiM 


!!■■■! 


IIIIIBI 

llllfll 

IIIIBI 

IIIIBI 

IIIIBI 

IIIIIBI 

IIIIIBI 


SIRS! 

IIIIBI 
IIIIBI 
llllfll 


lllfll 

lllia 

lllfll 

lllfll 

lllfll 

lllfll 

lllfll 

lllfll 

lllfll 


lllfll 

mil 

lllli 

lllfll 

lllfll 

lllfll 


IIIIIBI 
IIIIIBI 
IIIIIBI 
IIIIIBI 
IHIIIfll 
IIIIBI 
IIIIBI 
llllfll 
llllfll 
llllfll 


III 

III 


llllfll 

IIIIBI 

IIIIBI 


IIIIBM 
IIIIBH 
IIIIBH 
IIIIBH 
IIIIBH 
IIIIBMi 
IIIIBHM 
IIIIBH 


IIIIIBI 

IIIIBI 

liHIBI 

lllifll 


l  0.5  Q.l 

GRAIN  SIZE  IN  MILLIMETERS 


0.01  c.oos 


SILT  OR  CLAT 


17  PS  2.68 


u'-  34 


CLASSIFICATION 

SANDY  CLAY  (CL) ,  BROWNISH  CRAY 


GRPDflT ] ON  CURVE 


PROJECT  00T.  FORT  CARSON.  CO. 
X36 .  Y3 


BORING  NO-  HE-0IS 


SAMPLE  NO-  0 


OEPTH/ELEV  S I DE (45cm)  OAIE  19  AUG  03 
_  Apr  83 


B12 


m 

min 

lima 

Iiiiih 

\\mm 

ill 
III1IH 
IIIIH 

lima 

iiin 

im 


lili 

Mill 
HIM 
IIIIB 


iiipM 
iiiiuiii 
ijiimai 
niiiiiai 
uiiiiiai 

IIIIIIHI 
IIIIH! 

Sinai 

igiiai 
iiiiai 
ii 

iiiiai 

uiiiai 


lipiiai 
luiiiiai 
uiiiiiai 

IIIIIIIHI 

uiiiiiai 


16  20  30  40  50  *70  tOO  140  200 


llllllftl 


II 


limai 

IIIIHI 

tmiai 

IIIIH 

IIIIHI 

IIIIHI 

IIIIHI 

IIIIHI 


11 


ii  wm 

IIIIHI 

IIIIHI 

llllHI 

IIIIHI 


nniTH 

limiH 

iniiiH 

liUHH 

IIISIIH 

iiiniH 

IIIIKIH 

IIIIIEH 

lllllt 

IIIIIH 

IIIIIH 

IIIIIH 

IIIIH 

Is 

IIIIIH 

IIIIIH 

IIIIIH 

IIIIIH 


llllllll 
■1111 


HlllllHi 

SHIIIIIIH 

HIIIIIIHI 

■IIIIIIHI 

SB 

tsiiiiiiiHi 
HWMIIHI 


III 


IBIHI 

ins: 
»8I 

nil 


SILT  OR  Clflr 


CLASSIFICATION 

SANDY  CUV  (CL),  BROWN 


ORRDOT I  ON  CURVE 


PROJECT  Dor  rORt  CARSON .  CO  007 

X36,  Y3 

BOR t NO  NO.  ME-BISB  SArtRlE  NO.  0 

OERTN/ELEV  BOCn  DATE  19  AUO  83 

Apr  83 


IIIHWI 
IIIBB 
IIIHj 
IIIHj 
IIIH1 

SKI 


hllHlii 
IIIHB 
II  II 
IIIHj 
IIIHj 
IIIHI 


ms: 


mvm+'nd'msauBwmuii 

\  IlftHHHBII 

IIIIHHB 

IIIIHBBH 

liESHHH}l 

IIIIHHB 

li'HBB 

IIIHHidll 

IIIIHHB 

IIIHHHH! 

IIIIHHB 

IIIIHBBH 

IIIHHB 

’IIIHHIBHI 

IIIIHBBB 

IIIHHHH 

HIHHB 

IIIIHBBH 

IIIHHHH 

IIIHHHH 

IIIIHBBH 

IIIHHIHHI 

iklHHB 

IIIIHBBH 

ilillB 

IIIHHB 

IILlHBi 

IIIIHHHH 

IIIIEHHH 

IIIHKSH 

IIIIHHHH 
IIIIHH  H 

IIIHHHH 

IIIHHHU 

IIIIHHHH 

IIHHHHI 

IIIHBBB 

IKIIHHB 

IIHHBI 

IIIHHB 

IIIIHHHH 

IIHH  H 

IIIHHB 

IIIIIHKB 

illglHHKH 

IIHHHH 

IIIHHB 

IIIHBBB 

IIHHB 

lllilHHHH 

IIIHHB 

IIIHBBB 

IIIIIHHHH 

IIIHHH 

IIIHHB 

IIIHBBB 

lllilHHHH 

IIIHHH 

IIIIIHHHH 

CRAIN  SIZE  IN  r.ILLIMETERS 


PL  16 

PI  „ 

0S  2.70 

NR T  H.7. 

classification 

SANDY  CLAY  (CL),  BROWN 


GRADATION  CURVE 


PROJECI  OOT.  FORI  CARSON.  CO.  DOT  I 

X51.  Yll 

BOR INC  NO.  HE-B13  SAMPLE  NO.  0 

OEP TH/ELEV  BOTTOM  (04c:n)0ATE  19  RUO  83 


B13 


PERCENT  FINER  BT  WEIGHT 


liiim 
limn 

HIIIIHI 

iiiiiii 

ilium 

mum 

mum 


iiiiiim 

■ilium 

iiiiiim 

iiimm 

iiiiiim 

iiimm 

iiimm 

iiimm 


\um 
liuin 
Ilium 

iiinai 

jiiiiib 

IIIIIIB 

iiiiiii 

iiuiia 

IIIIIIB 


■IIIIIIBI 

IIIIIIIBI 

iiiiiim 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 


ihlllftBMBH  IMIIBBH 
'uiiiiMBniiiiiiHH 
lllliiiSMHIIIlIBWBi 
IIIIIIIBHMIIIIIIBHHM 
llllllIBHflnillllBnH 
iiiiiiiBBimiikmBfliflM 
IIIIIHBBIBHIIIllMNi 

jiiigmnH 

iihimh 

IIIIIIBBIH 

IIIHIBBIHHi 

IIIIIIBH 

iiiuiBBim 

illllIBBMB 

iiiiiiinmiumiBm 

iiiiiiiflnmiiiiiDBnfln 

iiiiiiBnmiiiiii^nHi 

IIIIIBBIBM 

IHIIBMB 

limagm 

1  lllIBHBBIIIIHBnBB 
1  lllflHBmillllflKSBi 
llllllIBBHBIIIIIIflflmf 
llllllllHBnillllBBH 
iiiiiiiBnmiiiiiiflnm 

iiiiufim 

iiminm 

!IIIIBBH 

IICIIIHM 

imimam 

iiiiiiiBBBBiiiiiiflnmiiiiiiBsim 
miiiibubiiiiiimbhi  iiibSS 

llllllIBHBBIIIIlIBBmillllllBnm 

iiiiiiibbhiiiiimh  iiiiBS 

nniiiBnmiiiiiiBnmiiiiiiflBB 

COBBLES 


PL  16 


itniai 


SILT  OR  ClAT 


Pl  IS  |cs  2.70  I 


CLA88IF 1CAT ION 

SANDY  CLAY  (CL),  BROWN 


GRADATION  CURVE 


PROJECT  001.  FORT 

CARSON.  CO- 

DOT  I 

X70,  YA6 

BORINO  NO.  HE-R6 

SATIPLE 

NO.  0 

DEPTH/ELEV  BOTTOH(41cb»)OATE 

19  AUO  83 

Apr  83  1 

u.s.  arnnonno  »i««i  ortmuo  i«  ikki  u.i.  siimmuo  (ten  nunnas 

8  4  3  2  ll  l  T  1  i  3  4  8  810  18  TO  30  40  SO  70  100  140200 


IIIIIII 


IIIIBI 


lllll 


ll 

imal 

■SB! 


IIMI 


II 


lllllBI 

IIIIIIBI 


SILT  OR  CLAY 


PL  14 

Pl  19 

CS  2.71 

KOI  H.X 

33 


CLASS  I F I  CRT  1  ON 

SANDY  CLAY  (CL) ,  BROUN 


GRADATION  CURVE 


PROJECT  00T.  FORT  CARSON.  CO-  DOT  I 

X55,  Y19 

BORING  NO.  HE-B8  SAMPLE  NO.  0 

DEPTH/ELEV  SP-7BCM  OATE  19  AUO  B3 

Apr  83 


B14 


PERCENT  COARSER  BY  HEIGHT 


PERCENT  COARSER  BY  HEIGHT  PERCENT  COARSER  8Y  HEIGHT 


PERCENT  FINER  at  HEIGHT 


PERCENT  COURSER  BT  HEIGHT 


PIT  SOIL  DATA:  DOT  II 


Looale 


Pit 

Sample 

Date 
>  1983 

(a) 

X  Y 

Depth 

Offl 

PI 

7 

-29 

0 

45 

SO 

P1A 

7 

-29 

0 

45 

175 

P2 

7 

-29 

270 

46 

70 

P2A 

7 

-29 

270 

46 

170 

P3 

7 

-29 

180 

45 

60 

P3A 

7 

-29 

180 

45 

170 

P4 

7- 

-29 

90 

45 

75 

P4A 

7 

-29 

90 

45 

175 

Soil 

Type 

uses 

% 

Finer 

0.074um 

Density* 

gm/oo 

SC 

40 

1.63/1.53 

SC 

44 

1.70/1.56 

CL 

52 

1.73/1.60 

CL 

57 

1.58/1.45 

CL 

85 

— 

SC 

20 

— 

CL 

65 

1.65/1.55 

CL 

57 

1.75/1.63 

Organio 

Matter* 

Moisture 

Content* 

Specifio 

Gravity 

1.2 

6.6 

2.68 

1.4 

9.0 

2.70 

1.1 

8.4 

2.71 

1.8 

9.3 

2.70 

3.1 

7.5 

2.70 

0.8 

3.2 

2.67 

2.1 

6.5 

2.70 

1.5 

7.5 

2.70 

*  Density  wet/density  dry. 


HI  8 


380' 


B19 


UiLHHHI 

UIIIHIU! 

■MMIIIIHUHIIIIIII 

HIIIIKIUH 

■UMIIIIHMHillllll 

Mlllllt'H 

■■■HimimHiiiiiiH 

HIIIIIIU 

IHBIBHIIIIIIBMMHIIlim 

HIIIIIIKS 

■HHHiiiiimHiiiiiH 

HIIIIIIUIl 

liB^BIIIlMIHlilllll 

HIIIIIIUB 

■■■HilllllllBMnilllll 

■IIIIIIBB 

HIIHIIUH 

HIIIIIIUH 

■■■hiiiiiibbhhiiiirib 

HIIHIIUH 

■BBI^HiilllllBH^HIIIIIIB 

HIIHIIUH 

■IIIIIIU 

IB  ■IIIIIIU  ■IIIIIIU 

■IIIIIIIH 

■■■HUliim  ||  ||  ||  |B 

■IIIIIIIH 

BHHHIIIIIIflB  ■IIIIIIB 

■■IIIIIIBB 

■■TBiiiiiiuBHiiiiiiB 

HIIIIIHH 

mHiniiiiuHiiiiiii 

HIIHIIUH 

IBiBHiEUlIBHHIlUllii 

HIIHIIUH 

■Mill  !■■■■ 
Hllllllll! 
Hllllllll 
Hllllllll 
HHIIIIIBI 
Hllllllll 
Hllllllll 
■Hllllllll 
Hllllllll 
Hllllllll 
Hllllllll 
Hlllllll 
Hllllllll 

■imam 

■11111211 

Hllllllll 
Hllllllll 
Hllllllll 
Hllllllll 

ilium 


HIIIIIIHI 

iiiiiiiin 

IIIIIIIMI 

iiiiiiiin 

IIIIIIIUI 

HIIIIIIHI 

HIIIIIIHI 

HIIIIIIHI 

HIIIIIIHI 

HIIIIIIHI 

HIIIIIIHI 

IIIIIIIHI 

HIIIIIIHI 

IIIIIIIUI 

IIIIIIIUI 

HIIIIIIHI 

liiiii3Ui 

iihiiiib: 

HIIIIIIHI 
IIIIIIIUI 


SILT  OR  CLAY 


LL  25  PL  12  PI  13  OS  2.68  I NAT  M.i 


CLASSIFICATION 


CLAYEY  SAND  (SC),  REDDISH  BROUN 


GRADATION  CURVE 


PROJECT  DOT  II  FT.  CRRSON  CO. 

0,  AS 

BORINO  NO.  7-29-83  SAMPLE  NO.  P-1 


OEPTH/ELEV  SOCM 


DATE  25  OCT  03 


HiHiiiii 

IIIIIIIH 
iiiiiii; 
iiiiiii; 
Hill 

lllllllll 

iiiiiiii; 
iiiiiii; 
iiiiiiii; 
iiiiiiii; 
iiiiiiii 
iiiiiii; 
iiiiiiu; 
iiiiiii; 
Siiiiii; 
iiiiiii 
iiiiiii 
iiiiiii 

IIIIIHl 
Mill 


luiuiiu; 

IIIIIIIH! 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

1  liming 
limiiii 

! |imim 
Imiim 


I1IIIH 

lllllllll 

iimir 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

ijiii 

IIIIIII 


pilHHI 
liiimmi 
[iiiiiihi 
iiiiiihi 
■hiiiiiihi 
a  ■imimi 
■HIIHIIUH 
WIIIIIIUH 
HUIIIIHI 
■Him 
■Hill 

■■I 

■IIUIIHI 

■IIIIIHl 

mmisuBi 

»ii 

■llllllUI 
■IIIIIHl 


mum 

iiiiiihi 

imiim 

iiiiiiii 

IIIIIIIUI 

imiim 

imiim 

imiim 

imiim 

IIIIIIIUI 

IIIIIIIUI 

IIIIIIIUI 

IIIIIIIUI 

IIIIIIIUI 

IIIIIIIUI 

«!!!!!!■ 

IllllliS: 

IIIIIIIUI 

liism 


SILT  OR  CLAY 


CLA33IF ICAf ION 

CLAYEY  SAND  (SC) ,  RED 


PROJECT  DOT  II  FT.  CARSON  CO. 

0,  A 5 


GRADATION  CURVE 


BORINO  NO.  7-29-83 
OEP  fM/ELEV  I75CM 


SAMPLE  NO.  P-IA 
DATE  25  OCT  83 


PERCENT  FINER  BY  NEIOHT 


piiilHi 

IIIIIHM 
IIIIIIM 
imiiM 
iiiiiim 
puiM 
mini 
iiiiiii 
mini 
Iiiiiim 
iiiiiim 

IIIIIIM 
IIIIIIM 
IIIIIIM 
IIIIIIM 
IIIIIIM 
IIIIIIM 
IIIIIIM 
IIIIIIM 
IIIIIIM 


Hiiuiiiiiii 

IIIIIHMI 

iiiiiihhi 
iiiiiihhi 
IIIIIHMI 
IIIIIHMI 
IIIIIHMI 
IIIIIHMI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IIIIIUM 


a  40  50  10  100  140  too 


IhllaLVl 
IIIIIHM 
IIIIIHMI 
IHIIIIIHI 
IIIIIHM 
IIIUIIM 
IIIIIHM 
IIIIIHM 
IIIIIHM 
IIIIIHM 
IIIIIHM 
IIIIIHM 
IIIIIHM 
lllllllll 
lllllllll 
IIIIIHM 
IIIIIHM 
IIIIIHM 
IIIIIHM 
IIIIIHM 


ttiimiiiH 

■ 

IIIIIIIIH 
IIIIIHIH 
MIIIIHM 
MIIIIHM 
MIIIIHM 
M'lllHM 
MINIUM 
MH'IHIH 
HHimillH 
MIIIIHIH 
MIIIIHM 
MllllliBH 
MIIIIHIH 
MIIIIHIH 
MIIIIHM 
MIIIIHIH 
MIIIIHM 
MIIIIHIHI 


51 


II 


SILT  OR  CLRY 


LL  29 

PL  u 

P,16 

0S  2.71 

NflT  N*Z 

CLASSIFICATION 


SANDY  CLAY  (CL),  BROWN 


PROJECT  DOT  II  FT.  CRRSON  CO. 
270,  46 


GRRDAi ION  CURVE 


BORINO  NO-  7-29-83 
DEPTH/ELEV  7SCM 


SAMPLE  NO.  P-2 
OATE  25  OCT  83 


liiiiiiiini 

IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
UIIIIIMl 
IHIIIIIHI 
IHIIIIIHI 
IIIIIHMI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 
IHIIIIIHI 


imii 


lumii 

iiiiiii 

iiiiiii 

mini 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

iiiiiii 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 


glllKHMI 
IHIIIE9HI 
IIIIIHMI 
IIIIIHMI 
IIIIIHM 

guiniii 

lllllllll 

111111111 
iiiiiini 
iiiiiini 
iiiiiini 
iiiiiini 
iiiiiini 
iiiiiini 
iiiiiini 
iiiiiini 
Hilling 
iiiiiini 
iiiiiini 


iiiiiim 

iiiiiini 

IIIIIHM 
gllllHM 
lllllllll 
gniiini 
lining 

miiiiM 
iirmiHi 
minimi 

IIIIIHIHI 

IHIIIIIHI 

IIIIIHMI 

IIIIIHMI 

IIIIIHIHI 

IHIIIIIHI 

IIIIIHMI 

IIIIIHIHI 

IIIIIHIHI 

IIIIIHIHI 


lllllllll 

gniiini 

lllllllll 

lllllllll 

lllllllll 

lllllllll 

nHIIIISj 
■lIHH 
lllllllll 
IIIIIIM! 
lllllllll 

Eiiiiini 

iiiiiini 

iiiiiini 

hming 

jiiiiisf'J 

lining 

lining 

iiiiiiii! 

iiiiiini 


idjja 


TOE— B 


SILT  OR  CLAY 


ClAUlFICRflO" 


SANDY  CLAY  (CL),  RtDDISII  BROUN 


GRADATION  CURVE 


PROJECT  DOT  II  FT.  CARSON  CO. 

270,  46 

BORINO  NO.  7-28-83  SRHPLE  NO.  P-2A 
DEPTH/ELCV  170CM  OATE  2S  OCT  83 


1321 


Sifiiii 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 

mini 


It  20  SO  40  E0  70  100  140  200 


llllkij&HWIIIIIH 

iiiiiihmbiiiiii 

iiiiiimmiiiiii 

Kiiiiihhbmiihi 

lillllIBHBHIIIIII 

iiiiiiiii^HB?iini 

IIIIIIIHHI.'llll 

iiiiiihhbhishii 
miniH  iiiLii 
miiiH!  mini 
iiiiiihb  biiiim 
iiiinii  ■mill 
mini  ■■mini 
iiiiiihhhbiiiiii 
iiiiiihhhbiiiiii 
iiiiiihhhbiiiiii 
miiiHHBHimn 

IIIIIIHHB  lllllll 

iiiiiihhb  limn 

IIIIIIH  Bllllll 


UIIUIIHI 

IIIIIIHI 

lllllllll 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHD 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIH* 

*!IHIHI 

llliSPHI 

minis; 

IIIIIIHI 

IIIIIIHI 


IIIIIIH 
IIIIIIH 

iiiiniB 

IIIIIIH 
ilium 
IIIIIIH 
IIIIIIH 
IIIIHU 
IIIIIIH 
IIIIIIH 
IIIIIIH 
IIIIIIIR 
III! 
IIIIIIH 
IIIIIIH 
IIIIIIH 
IIIIIIH 
■IIIIIIH 
IlIbKHH 

inning; 


COBBLES 


LL  t, 3  PL  16  P I  27 


CLAS61FICAT  JON 

CLAYEY  SAND  (SC) ,  RED 


iTErma 


SILT  OR  CLRY 


PROJECT  DOT  II  FT.  CARSON  CO. 
180,  45 


GRODflT I  ON  CURVE 


BORING  NO.  7-29-83 
OEPTH/ELEV  170CN 


SAMPLE  NO.  P-3 
DATE  ZS  OCT  83 


■■■Hi 

HUIIIHIHIiniHIIHfl 

IIHHHBIIIIIHB 

iiukssiibi 

llllll  HIUE 

iihuhbhiiiiihhhi 

miuHBHiiiiiHHm 

■!■■ 

niBHHmiiiuB  ■ 

min  im 

illlll  IIIIIIHBI 

im 

iihhbhiiiiii  ■ 

min  ■■ 

umh  ■iiiiihhbh 

■■■■ 

iihhbhiiiiih  ■ 

mm  ■■ 

iiiihhb  ■iiiHugm 

HI 

HUHmiiiiiHHBH 

imimra 

IINIBHmillHHHHH 

■■SB 

iniBHmimiHHmi 

IIH■Hillllll■■■ 

iiiihh—i 

iiiiumb 

iiiiuSES 

hiiihhbh 

iiiiiHHm 

■■■HI 

iiuhbhiiiiiu  ■ 

llll  ■ 

niiiim  mm 

8KB 

iiuhbhiiiiihhbh 

mm  ■■ 

iiiii^nHiiiiiiHHm 

im  imiiHB  ■ 

iiiiimm 

iihhhhbiiihhhb 

■■■■ 

lUMHmillMHI 

HllllgHI 

mill  ■bsuiiiiuhb 

■■■B 

uim  illinium 

huhhbh 

miHHm 

U'llBHm 

im 

IIHHB  IIIIIIHHBH 
HUB  ■IIIIIHHB 

IIIIIBI  ■ 

IIIIIBI 

IIIMIBBH 

■■■Hi 

mini 

IIIIUHM 

ijliSHE 

miKflHm 

IUH 

IIUHHBIIHIHHB 

IIIHB 

IIIHBSm 

■■■Hi 

IIIIIBIilllB 

iniisiisisa 

IIIIBHB 

IIIIHHIU 

wmmwm 

Hill 

[SlIIB  ■ 

IIIIIBI  ■ 

inn  am 

[iiiiBH— 

IIIHBH 

■■■a 

liiiigB 

iiiiiiBB 

IIIIUHBH 

SILT  OR  CLAY 


LL  36 


CLftCSfr i  ?  *su 

SAMHV  fJ.AY  (Cl,),  MffOUN 


ORnunTlOH  CURVE 


PROJECT  DOT  II  FT. 

CARSON  CO. 

IHO,  h'j 

DOR I NO  NO.  7-S3- 03 

SAMPLE  NO.  P-3A 

OEPTH/ELEV  60CM 

DATE  ZS  OCT  03 

1522 


■!BS& 

mu 

mu 

HiimiiB 

HIIIIIIB 

HiiiMHBHHimilB 

MlllllkSHHIIIIIIB 

HIIIIHBHH 

HIIIIHBHH 

IBB  B 

iiiii 

■BIIIIIH 

HIIIIHBHHIIIIHfl 

HIIIIHBHH 

IBHHB 

mu 

HIIIIIIB 

HIIIIHBHHIIIIHfl 

HIIIIHBHH 

iiiii 

HIIIIIIB 

HIIIIIIBHWIIIIHB 

HIIIIHBHH 

■■■■■I 

iiiii 

HIIIIIIB 

HIIIIHBHHkUIIIB 

HIIIIHBHH 

■■■■■ 

iiiii 

HIIIIIIB 

HimiiflnHimiiB 

HIIIIHBHH 

IBBIBBI 

iiiii 

HIIIIIIB 

HllllllflBHIIIIIIfl 

HIIIIHBHH 

iiiii 

HIIIIIIB 

HllllllflHHIIIHIfl 

HIIIIHBHH 

■■■■■ 

iiiii 

HIIIIIIB 

HllllllflHHIIIinfl 

HIIIIHBHH 

IBBIBBI 

iiiii 

HIIIIIIB 

HllllllflHHIIIIIlfl 

HIIIIHBHH 

iiiii 

HIIIIIIB 

hiiiihbhhiiiiih3 

HIIIIHBHH 

IIIII 

HHiinm 

HiiiiiianHimiH 

HIIIIHBHH 

lllfli 

iiiii 

HIIIIIIB 

miiiiiibhhiiiihb 

HrmilBHH 

ibhhi 

iiiii 

HIIIIIIB 

HIIIIHBBIHimilB 

BIIII^BHBB 

IIBHI 

iiiii 

HIIIIIIB 

hiiiihbhhiiiihb 

HIIIIHIHHHl 

IBHHB! 

IIIII 

HIIIIIIB 

HIIIIHBBIHimilB 

HIIIIHBHH 

IBBHI 

iiiii 

HIIIIIIB 

HIIIIIIBHHIIIIIIB 

HIIIIHBHH 

UBHI 

iiiii 

HIIIIIIB 

HIIIIIIBHHIIIIIIB 

HMIIIESHH 

IIMI 

iiiii 

HIIIIIIB 

HIIIIHBBIHimilB 

■IIIIHBI  HI 

■BEUIHI 


SILT  OR  CLAY 


CLRS3 iriCRT ION 

SANDY  CLAY  (CL), 

BROUN 

CRRDRT ION  CURVE 

rROJECT  DOT  II  FT.  CARSON  CO. 
90,  45 


BORINO  NO.  7-29-83 
DEPTH/ELEV  75CM 


SAMPLE  NO.  P-4 
OATE  25  OCT  03 


lllllllilli 
IIIIIHBH| 
lllllllfli 
IIIIIIHI 
iiiiiii 
iiiiilBi 

imm 
iiiiiiibi 
IIIIIIIBI 

iiiiiini 

iiiiiiibi 

IIIIIIHI 
IIIIHH 
iiiiial 
IIIIIIHI 
IIIIIIHI 
IIIIHHI 
IIIIUB 
IIIIIIH 
IIIIIH 


nmliiiifi 

IIIIIHBB 
IIIIIHBHI 
IIIIIHBHI 
IIIIIHBHI 
IIIIIIIHI 
IIIIIIHMI 
IIIIIIIBI 
llll 

iiiiiiibi 
iiiiiiib 


plHBHH 

IIIIUIBHB 
gllllKBHH 
IIIIIIHH 
IIBHB 
gllllHBHSl 
I11IIIIBH 

Eimilii 
Biiinaii 

11BH 

iiiiiiul 
Em  lii 
lining 
mini 
iiiiiiibi 

IIIIIIHI 

iiiiiiibi 
siiiiri 


IIIIIIIBI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

riming; 
i\m 
ill'll 
inniHi 
IIIIIIHI 
lllllflHg 
IIIIIIHI 
iimiac! 
IIIIIIHI 

iiiinibi 

IIIIIIIBI 


IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

iiuiini 

IIIIIIIBI 

IIIIIH! 


iHIIIIBI 

llliSSHI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 


SILT  OR  CLAY 


2 1.  12 


CLASSIf  KRflON 

SANITY  CLAY  (CL),  IIMMSII  BROUN 


08  2.70 

NAT  M.X 

ORHDR  r I  ON  CURVE 


PROJECT  DOT  II  FT. 

CARSON  CO. 

90,  Ab 

BORINO  NO.  7-20-63 

SAMPLE  NO.  P-4A 

DEPTH/ELEV  I7BCM 

DATE  2S  OCT  65 

B23 


piiiilii 

Eimiiii 

Eimiiii 

IIIIIIHI 

iimiiii 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 


fuHiifliiiii 

Eiiiiihh 

IIIIIIHH 
IIIIIIHH 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 

IIIIIIHI 
IIIIIIMg 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 


liiSMHH 

IIIIMin 

IIIIIIHH 

IIIIIIHH! 

IIIIIIHH 
IIIIIIHMI 
IIIIIIHH! 
IIIIIIHNI 
iiiniin 
IIIIIIHH 
IIIIIIH 
IIIIIIHI 
IIIIIIHI 
IIIIIIH 
IIIIIIH 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 
IIIIIIHI 


IIIIIIH 
IIIIIIH 
IIIIIIH 
IIIIIIH 
IIIIIIH 
IIIIIIH 
IIIIIIH 
HIIIIH 
■lllllU 
milllH 
mmiH 
HIIIIH 
HHIIHIH 
IIIIIIH 
■IIIIHI 
■uiiiis 
IIIIIIH 
mHiiiiiH 
■IIIHH 
HIIIIH 


IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IIIIIIH 

IllliiSS 

IIIIIIH 

IIIIIIH 


COBBLES 


PL 


SILT  OR  CLAY 


CLASS] F I  CRT  1  ON 

CLAYEY  SAND  (SC), 

KEDOTSH  BROWN 

GRflOHTION  CURVE 

PROJECT  DOT  II  FT. 

CORSON  CO. 

0,  50 

BORINO  NO.  7-27-83 

SRMPLE  NO.  S 

DEPTH/ELEV  0-16CM 

DRTE  25  OCT  83 

U.8.  STflNOflftQ  IJtVC  OffNINO  IN  INCMtS 
6  4  3  2  it  1  \ 


u.8.  siNNonno  sieve  Nu«ae*s 


IIIIHH 

IIIHHI 

IIIHHI 

IIIHHI 

iimg 
mug 
iiiiui 
min 

■ 


IIHHI 

■IIIHI 

IIIIUI 

IIIIHI 

IIIIUI 

IIIIHI 


^!llllll 
■IIIH9UI 
■llllliMI 
■IIIIIHHI 
■IIIIIHHi 
WIliElU 
■IIHH| 
■III 
IIIIIIH 

Hill 


IIIHHI 

IIIHHI 

IIIHHI 

IIIHHI 

IIIHHI 

IIIIHI 

IIIHI 

»iim 

mm 


HYDROMETER 


IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

piim 

IIIHHI 


flllHUI 

IIIIIIHI 

IIIIIIHI 

IIIIIIHI 

IHIIIHI 

IIIHHI 


CRRIN  5I2E  IN  MILLIMETERS 


GRflVCI.  _ RUN!)  ' 

"  J "  f  iwr  co«»sr  “T  nrriiufi 


0-01  o.ous 


5  IL  T  OR  CLDY 


URSSIMCRIIOH 

NAIlli'T  f  |  A  ’  (I  I),  l-.rillT.'IJ 


OHnon  r  i  on  curve: 


PROJECT  DOT  II  FT.  CORSON  CO. 

'll),  Ml 

mWINO  NO.  •» - ? T - 0 3  SRMI'LC  NO.  6 

ui.rinm.cv  o-n>r.H  nntt  zs  oct  03 


PERCENT  FINER  BY  HEIGHT 


16  20  SO  40  60  70  100  140  200 


iihimiamymiiiiiift 

lllllll■■mlllll■■■l 

HIIISJIUI 

iiiiiiihhiiiiiih 

HIIIIIEH 

mllm■mllllm■ 

HIIIIIIH 

iiiiiiihhiiiiiih 

hiiiiiim 

iiiiiiihhiiiiiih 

HIIIIIIU 

mllll■■mllllll■■ 

hiiiiiih 

iiiiiiihhiiiiiim 

HIIIIIIU 

iiiiiiimhiiiiiim 

hiiiiiih 

lllllm■mllllm■l 

hiiiiiiu 

iiiiiiiuhiiiiiiui 

hiiiiiiu 

lllllll■■mllllm■l 

■iiiiiih 

lllllll■■mllllll■■l 

■IIIIIIH 

iiiiiimmiinmn 

MIIIIIIUI 

iiiiiiihhiiiiiihi 

HIIIIIIUI 

iiiiiiuhiiiiiiui 

■niimu 

iiiiiiuhiiiiiimi 

■iiiiiim 

iiiiiihhiiiiiihi 

■IIIIIIH 

iiiiiiuhiiiiiiui 

■iiiiiih 

iiiiiih  iiiimui 

■iiiiiih 

yiiyimg 

iiiiiiiii 

ilium 

mum 

mum 

mum 

mum 

nnm 

mum 

iimiia 

mum 

mum 

iiiiiim 

IIIIIIIK 

mum 

mum 

mum 

mum 

mum 

mum 


mum 

mum 

ilium 

mum 

mum 

mum 

mum 

mum 

mum 

mum 

mum 

mum 

mum 

mum 

mum 

i.i'UM 

mum 

mum 

miim 

mum 


ORflIN  SIZE  IN  MILLIMETERS 


LL  27 

PL  14 

P1  13 

0S  2.68 

HAT  H.X 

SILT  OR  CLRY 


CLASSIFICATION 

SANDY  CLAY  (CL),  BROWN 


GRADATION  CURVE 


PROJECT  DOT  II  FT.  CARSON  CO. 

180,  50 

BORINO  NO.  9-27-83  SAMPLE  NO.  7 
DEPTH/ELEV  0-tSCM  DATE  2S  OCT  83 


hiiiiiih 

HIIIIIIH 

HyiimflHUiiUllHHIlVIIIUHIIIIIIUH 

HIIIIIIUHIIIIiSUHIIIIIIUHIIIIIIUH 

HIIIIIIH 

UIIIIIIHHIIIIUHHIIIIIIUHIIIIIIHH 

NUIIIIIH 

HIIIIIIHHIIIIIIUHIIIIIHHIIIIIIHH 

HIIIIIIH 

HIIIIIUHIIIimKHIIIIIUHIIIIIIUH 

HfillllU 

HIIIIIIUHIIIIIIUHIIIIIIUHIIIIIIHH 

■■IHIllHIliHillllHHHIlHllliH 

hiiiiiiu 

MIIIIIIHHIIIIIIUHI'IIIUHIIIIIIHH 

HIIIIIIH 

HIIIIIIHHIIII1IHH . UHMIIHHM 

HIIIIIIU 

HIIIIIIHHIIIIIIHHIIIK1UHIIIIIIHH 

HIIIIIIH 

HIIIIIIHHIIIIIIHHIIIIIIHHIIIIIIHH 

HIIIIIIU 

HIIIIIIUHIIIIIIUHIIIIIIHHIIIIIinH 

miimi 


miimi 


miimi 


miiiiuKJiiiiimi 


I  0.5  0.1  0.05 

ORflIN  SIZE  IN  MILLIMETERS 


0.01  0 .005 


SILT  OR  CLAY 


CuRosff i£3» iOH 

HANDY  CLAY  CM.) ,  HKfJWN 


GRADATION  CURVE 


PROJECT  DOT  II  FT.  CARSON  CO. 

270,50 

BORINO  NO.  7-27-83  SAMPLE  NO.  8 
0EPTII/ELEV  O-ISCM  DATE  25  OCT  83 


B25 


PERCENT  FINER  BY  HEIGHT 


110  II  SO  90  40  SO  70  100  HO  200 


■■■■■IIIIIM 

IIHMHIIIIB 

■nilHMUIIKIMIIIMIBIU  !■■■■ 
IIIIM— BglBMIlMggg 

■■■■■IIIIIII 

BMIII— IIIW—IIHIIM 

■■■■■IIIIIM 

MIIIIIIMMIIHIIMMIIHIIMI 

■■■MIIIIIH 

MIIHIIMMIIHIIMMI 

IIIIIIM 

IMMIIIIIII 

MIIHIIMMIIUIIMMIIHIIM 

■■■Mlllllll 

MIHIIIMMIHIIIMK 

IIIIIIM 

mkmihiim 

MIIIIIIMMIIIIIIMM 

IIIIIM 

IMMIIIIIII 

MIIIIIMMIIIIIIMM 

Il’IIIM 

IMMIIIIIII 

■niiHiasnmiiiiBamM 

IIIIMHI 

■■■MIIIIIH 

MIIIIIIMMIIIIIIMM 

IIIIIM 

■■■■MIIIIIM 

MIIIIIIMMIIIIIIMM 

DIMM 

■■■MIIIIIH 

MIIIIIIMMIIIIIIMM 

IIIIMHI 

IMMIIIIIM 

MIIIIIIMMIIIIIIMM 

IIIIIM 

■■■MIIIIIIB 

MIIIIIIMmiHIIMM 

IIIIIM 

■■■MIIIIIM 

MIHIIIMMIHIIIMMIHIIIM 

■■■MIIIIIIB 

MIHIIIMMIHIIIMMIHIIIM 

■■■MIIIIIIB 

MIHIIIMMIHIIIMMIHIIIM 

■■■MIIIIIIB 

■IHIIIMMIHIIIMMIHIIIM 

■■■MIIIIIIB 

MIHIIIMMIHIIIMMIHIIIM 

ORRIN  SIZE  IN  MILLIMETERS 


PO 

mill 

ass: 

iiiiiiimi 

Eiiiiiimi 

iiiiiiimi 

iiiiiiimi 

Iiiiiiimi 

Iiiiiiimi 

iiiiiiimi 

IIIIIIBMI 

fiiimm 

IIIIIIIMI 

lllllll■■l 

•IIIIIIMI 


llllllIBi 

mimii 


0.01  0.006 


SILT  OR  CLRY 


PL  18  P1  5 


CLASSIFICATION 

SANDY  S 1  TTY  CLAY  (Cl.-ML),  SHOWN 


GRADATION  CURVE 


PROJECT  DOT  II  FT.  CRR80N.  CO 

150,  50 

BORINO  NO.  B-4-B3  SAMPLE  NO.  P03-1 
DEPTH/ELEV  63CM  DATE  07  NOV  83 


u.s.  standard  sieve  OPeNiNO  in  iNCNCs  u.s.  STANDARD  sieve  NVKSERS 

6  45  2  l4  I  4  44  5  4  6  1 


IIIMIlMl 

IIIIIM 


HIM 

mm 

IIIM 

HIM 

HIM 

HIM 

HIM 

HIM 

HIM 


lUIIIIIII 

iiiiSBi 

IIIIMI 

IIIIMI 

IIIIMI 

Hll■■l 

IIIMMI 

IIIIMI 


HIHBM 

IIIIMM 


IIIIM 
IIIIIM 
iiiiiii 
IIIIM 
IIIIM 
IIIIM 
IIIIM 
IIIIM 
IIIIM 
IIIIM 
IIIIM 
IIIIM 


HUIIIfl 
IIIIIUI 
IIIIIM 
1IIIIMI 
HIIHI 
l.'IIHI 
INIHI 


IIIIIM 
IIIIIM 
IIIIHE2I 
IIIIMM 
IIIIMI 
IIIIME 
lljjj 


HYDROMETER 


IIIIIIMI 

IIIIIIMI 

IIIIIIMI 

IIIIIIMI 

IIIIIIMI 

IIIIIIMI 

IIIIIIMI 

IIIIIIMI 

IIIIIIMI 

IIIIIIMI 

IIIIIIMI 

IIIIIIMI 


OWN  8IZL  IN  MILLIHETER3 


eWMf - 1 


0«01  0.005 


31 LT  OR  CLAY 


CLAasiNCAiiON 

SANDY  (.LAY 

(i,i,) ,  kf.imisii  iu:m/N 

ORnnnnaii  curve 

PROJECT  DOT  1 1  FT. 

CnROON.  CO 

179,  At, 

00RIN0  NO.  fl-4-83 

SAMPLE  NO.  PRE-2 

DEPtll/ELEV  0-tDCN 

DOTE  07  NOV  S3 

PERCENT  fINER  BY  HEIGHT 


Iffiiiifl 
llllllll 

ilium 
mum 
mum 
mum 
mum 
mum 
mum 
mum 
mum 
mum 
mum 
nuim 
u^m 


lllll 

um 
um 
■um 
Hum 
lium 


ilium 

ilium 

mum 

mum 

mum 

mum 

ilium 

mum 

nuim 

mum 

mum 

mum 

nuim 

mum 

mum 

mum 

iiiimii 

mum 

ilium 

mum 


liiiKEJWI 

iiiiiiim: 

iiiiiiim 

uiiimn 

uiiimuii 

miimu 

lllllm■l 

lllum■l 

lllum■l 

iiiiiiimi 

IIIIIIIMI 

iiiiiiimi 

IIIIIIIMI 
lllum■l 
lllum■l 
iimiiiu 

iiiiimg 
ii  ii 
iiiuiiii 
iiiiimi 


iiuimg 
iiiimi 

I 

ii'iiim 

IIIIIIIMI 

iiuiimi 

iiinimi 

IIIIIIIMI 

iiiiimi 

IIIIIMI 

mum; 

ilium 

fiiiimmi 

IIUIIMI 

iiuiimi 

IIUIIIU 

iiuiimi 

iiuiimi 

iiiiiimi 

iiiimu 


GRAIN  SIZE  IN  MILLIMETERS 


puma 
Hiumu 
Eiiiiiim 
■imum 

■IIIIIIM 

■imum 

■iiinim 

■IIIIIIM 

■IIIIIIM 

■imum 

■IIIIIIM 

anuiiM 

■HUilM 

■IIIIIIM 

■mimic 

■IIIIIIM 

■IIIIIIM 

■IIIIIIM 

■IIIIIIM! 

■IIUIIIU 


0.01  0.00b 


SILT  OR  CLAY 


CLASSIFICATION 

SANDY  CLAY  (Cl.),  REDDISH  BROUN 


GRADATION  CURVE 


PROJECT  DOT  II  FT.  (ARSON.  CO 

112,  50 

B0RIN0  NO.  8-4-83  SAMPLE  NO.  PRE-4A 

DEPTH/ELEV  O-ISCH  DATE  07  NOV  83 


u.t.  itmomo  um  wound  in  inched 
S  4  S  2  tl  1  4  14  3 


U.l.  ITAMDAED  Sint  NUAKAI 
S10  18  CO  SO  40  E0  70  100  140  200 


HY0R0METER 


IIIUIIII 

iiiuiiii 

IIIUIIII 

iiiiimi 

IIUM 


IIIUIIII 

IIIUIIII 


illHMMI  Him 
Uii^tui  iimi 


imum 

iirimi 

iiiuiiii 

IIIUIIII 

IIIUIIII 

iiiiimi 


■mu 
lllllllll 


60  10  6  I  0.6  0.1  0.06 

GRAIN  SIZE  IN  MILLIMETERS 
GrAVIl  8RSB 

_ ZSlBit  "T  not _ Jt'8SsSt_L. - 1  n  1 L " "I _ ff»8"" _ 


SILT  OR  CLAY 


PL 

03  2.07 

NflT  H,X 

CLASJIf 1CAII0N 

SANDY  CI.AY  (Cl.),  REDDISH  URDUS 


GRADATION  CURVE 


PROJECT  DOT  II  FT. 

CARSON.  CO 

112,  50 

BORING  NO.  6-4-03 

SAMPLE  NO.  P0S-4R 

DEPTH/ELtV  0-1BCM 

DATE  07  NOV  63 

1527 


8  20  90  40  80  70  100  UC  200 


IIIIIIM 

■umuiiu 

IIIIIHI 

■■IIIIIH 

MiiintM 

IIIIIHI 

■■IIIIIH 

MINIUM 

IIIIIIH 

■■IIIIIH 

MINIUM 

IIIIIIH 

■■IIIIIH 

■IIIIIIM 

IIIIIIH 

■IIIIIIH 

MIIIIIIM 

IIIIIIH 

■■IIIIIH 

MINIUM 

IIIIIH 

MIIIIIH 

MIIIIIIM 

IIIIIIH 

■■IIIIIH 

MIIIIIIM 

IIIIIH 

MIIIIIH 

MINIUM 

IIIIIH 

MIIIIIH 

MIIIIIIM 

IIIIIH 

MIIIIIH 

MIIIIIIM 

IIIIIH 

■■IIIIIH 

MIIIIIIM 

IIIIIH 

MIIIIIH 

■IIIIIIMI 

IIIIIH 

MIIIIIH 

■IIIIIHH 

IIIIIH 

MIIIIIH 

■IIIIIIMI 

IIIIIH 

MIIIIIH 

■IIIIIIMI 

IIIIIH 

■■IIIIIH 

■IIIIIIMI 

IIIIIH 

■IIIIIIH 

■IIIIIIMI 

IIIIIH 

MIIIIIH 

■IIIIIIMI 

UIIIIIIMI 

iiimim 

IIIIIHMI 

I!IIHHHI 

iiuiimi 

[llIHIMI 
IIIIIHI  ■■ 
jlllllEMI 
iiiiiihm 

IIIIIIHM 

IIIIIIHBI 

IIIIIIIU 

iimiini 

IIIIIIHM 

min  ■■■ 

iiiiiim 

iimiini 

IIIIIIHM 


■IIIIIIM 

■iiinm 

■IIIIIIM 

■hiiiim 
■iiiiiim 

■IIIIIHI 
■IIIIIIBI 
■IIIIIHI 
■IIIIIHI 
■IIIIIHI 
KSI'IIIIM 

■iiicsran 

■IIIIIIM 

■minus' 

■lllll■■■l 
■IIIIIIMI 
■IIIIIHI 
■IIIIIIM 
■IIIIIIM 
■IIIIIIM 


DRAIN  SIZE  It)  MILLIMETERS 


SILT  OR  CLAY 


CLASSIFICATION 


sandy  ciay  (cm),  brown 


GRADATION  CURVE 


PROJECT  DOT  II  FT. 

CAR80N.  CO 

61,  47 

/ 

BORINO  NO.  8-6-B3 

SAMPLE  NO.  EB 

OEPTH/ELEV  36CM 

DATE  07  NOV  03 

IIJIIHli 

MilllilMH 

IIIIIH 

■ 

Ml 

HIM 

IIIIIH 

■ 

Ml 

IIIBB 

IIIIIIH 

■I 

IIIM 

IIIIIH 

■j 

HIM 

IIIIIIB 

IIIIIH 

imiu 

■ 

■ 

IS 

HIM 

HIM 

■■ 

IIIH 

IIIIIIB 

S 

HIM 

IIIIIIB 

IIIBB 

!  !!!!■! 


!ll  ■ 

■IIIUIM 
■IIIIICMI 
■IIIIIIM 

■iininm 

■IIIIIIM 
■IIIIIIM 
■IIIIIIM 
■miiiMi 
■IIIIIIM 
■IIIIIIM 
■iiiiiiig 

iiiSiiii 


IIIIIHI 

IIIIIHI 

IIIIIHI 

IIIIIHI 

mini 

IIIIHI 

IIHHI 

Ihihbi 

IIIIIHI 

IIIHIBI 

IIIIMI 

HlliSNI 

mill 


mfuili 

IIIIIIHI 

IIIIIIIU 

IIIIIIHI 

IIIIIIHI 

IIIIIHI 

IIIIIIHI 

IIIIIIHI 

illiliiii 

mm 

IIIIIIHI 

mllll■l 


60  10  6'  "i  0,6  0 

ORA  It)  SIZE  IN  MILLIMETERS 

oraVIL  “T  ~7Z  8  AtTii  ~~ 

co»«u  V  flat  _ _ Dirtllm  [  f)N[ _ 


SILT  OR  CLAY 


2 .85 


ciRaiiricAuoN 


satiy  < 1  vr  wit,  i,.i(in::i 

INSUFFICIENT  OBMPLE  TOR  ACCURAfC  ORADATIOII 


OH ADA  f 1  ON  CURVE 


PROJECT  DOT  II  FT.  CARSON >  CO 

4%  A  7 

BORINO  NO.  8-6-83  BAUBLE  NO.  6C 
DEI’ ttl/ELEV  *8CM  DATE  07  NOV  83 


W2H 


PERCENT  CORRSER  BY  HEIOHT 


II  20  SO  (0  10  20  100  MO  200 


IIIIIIHI 

HIIHilMfeKSJHlHHIIIIIIH 

nilllHHI 

HIIIIIUBHIIIIKHHIIIIIH 

IIIIIIHI 

HIIIIIHBHmillHfilBHIlHH 

IIIHHB1 

HIIIHIUHIIIHIHHiHjjlllH 

IIIIIIHI 

HIIIHHBHIIIIIHBKIIIHH 

IIIIIHI 

■IIIIIIUHIIIIIII  ■HIHIIH 

IIIIIIHI 

HIIIIIIUHIlIHUBHIlillH 

IIIIIIHI 

■IIIIIHBHIIII  IUHIIIHH 

IIIIIIHI 

■IIIIIHBHIII  IIHHIIIHH 

IIIIIIHI 

HIIIIIUBHIIHIUBHUIIIKS 

IIIIIIHI 

■IIIIIIUHIIIHH  IIIIIIH 

IIIIIIHI 

■IIIIIIHI  IIIIHIMH  IIIIIHI 

IIIIIIHI 

■IIIHHBHIIIHHBHIIIHH 

IIIIIIHI 

■llilll  ■IIIIIIUHIIIIIH 

IIIIIIHI 

■llilll  IIIIHIUH  IIIIIIH 

IIIIIIHI 

BMIIHIUHIIIHIUHIIIIIU 

IIIIIHHH 

IIIIIIH  IIIIIIHH  IIIIIIH 

IIIIIIHI 

ggaillHimnHIIIHIHHIIIIIH 

IIIIIIHI 

■IIIHIMHIIIIIIII  IIIIIIH 

IIIIIIHI 

IIIIIIIHHIIIIIIHHIIIIIH 

DRAIN  SIZE  IN  MILLIMETERS 


min 

min 

mm 

mm 

linn 

linn 

mm 

mm 

mm 

mm 

mm 

iHIII 

mi:! 

mm 

mm 

mm 

mm 

mm 

mm 

mm 


0.01  0 .006 


“  A  5 


classification 

SANDY  CLAY  (CL),  BROUN 


DRRDRTION  CURVE 


PROJECT  OOT  II  FT. 

CARSON,  CO 

60,  25 

BORINO  NO-  B-6-B3 

SAMPLE  NO.  8C 

DEPTH/ELEV  30CM 

DATE  07  NOV  83 

liHiiaiim 

IIIIIIHH 

iiiinni 
iiiiniii 
iiiiuiii 
IIIIHHi 
IIIIHHI 

iiiinni 
miiiisi 

IIIIIIHI 
IIIIIIHI 

iiiiiii 

lllll 

idiiiaai 


_.  LU.  11J- 

100  60 

-r- 

I  | _ 


IIIHIHMi 

IIIHCHH 

IIIIIIHH 

IIIIIIHH 

IIIIIIH  ■ 
IIIIIIHH 

IIIIIIH?* 

IIIHIUH 

IIIHH■■ 

IIIHIUH 

IIIIIIHH 

IIIIIHBH 

IIIHIUH 

IIIIIIHI 

llll  HUH 

lllll  HH 

IIIIIHBH 

IIIIIHBB 

iniEiua 

SB 

IIIIIIHI 

IIIHIUH 

IIIIIHBH! 

liliHUH 

mUHBH 

...  J _ 

IIIIIIHI 
IIIHHi 
IIIIIHI 
IIIHHI 
IIIIIHI 
KlllIBi 
llilll  HI 
IIIHHI 
IIIHHI 
IIIIHPM 
IIIIIIHI 
IIIIIIHI 
IIIIIHI 


■IIIIIHI 

IIIIIIHI 

Eiiiiiui 

IIIIHHi 

Eiiiiiui 

IIIIIIHI 

miiiiHi 

gmiiHi 

si: 

IIIIIIHI 

IIIIHHi 

£|I!HHI 


0RAJN  SIZE  IN  MILLIMETERS 
__  35nB  “ 

tooiSO _ MCLj)  ijm  _ r  pHt _ '  _J 


0.01  0.005 


SILT  OR  CLOY 


_ _Jioo 

fiooi 


i; 


CLROJiricnuiJM 


PROJECT  DOT  II  FT.  CRH30N.  CO 

lr.l),  .BO 


■  ANDY  M  AY  (M.l,  F.l’f i!/n 


ORRtJfl  1 1  CM  CURVE 


BOR  INO  NO.  8-4-03 
UEIMH/ELEV  40CM 


SAMPLE  NO.  S-l 
DATE  07  NOV  83 


miiiiii 

■mun 

■luiniiiun 

■fliiikim 

■nmiiiimMH! 

minim 

■minim 

■iiiiiik: 

■mini— hih 

minim 

Himinim 

niiiini 

snmininmuiia 

minim 

■minim 

■mini 

Kuiinimummu 

minim 

■minim 

■mini 

MKiiiiimmiiiiiii 

minim 

■minim 

■mini 

■iKimimninii 

minim 

■minim 

■mini 

■musimmiiii 

minim 

■minra 

■mini 

■miuiimmimii 

minim 

■minim 

■mini 

■miuiimmumii 

minim 

■BlHIBBim 

■mini 

■minimMiiiii 

minim 

■mum 

■mini 

mnmiiumBmii 

minim 

miiuiiRi 

■mini 

■liiinwmiisi 

minim 

■minim 

■mini 

■iiiiiinusmii 

minim 

muiunim 

■mini 

■iiinimiHiiis 

minim 

■minis 

■mini 

■niiinimmumii 

minim 

■iiiimm 

■mini 

muimiBi^miii 

minim 

■minis 

■mini 

■minimmiii 

minim 

■minim 

■mini 

■mminimMiiiii 

minim 

■minim 

■mini 

■iiiiHimKiiiii 

minim 

■minim 

■mini 

Mnmininnmiiii 

ORAIN  SIZE  IN  HILL IMETERS 


IEEHBM 


SILT  OR  CLAY 


35 


CLASSIFICATION 


RANDY  CLAY  (CL),  DROWN 


PROJECT  DOT  II  PT.  CARSON.  CO 
179,  45 


GRADATION  CURVE 


BORINO  NO.  0-4-63 
DEPTH/ELEV  36CH 


SAMPLE  NO.  S-2 
DATE  07  NOV  83 


limiSS! 

iiiiiiii 

lllllllll 

■IIIIIIII 

■mini 
■iiuii 
liiiiii 
riiiini 


iiiimiii 

iiiiiiii 

iiiiiiii 

iiiiiiii 

iiiiiiii 

iiiiiiii 


mi 

III! 


IIIIIIII 

IIIIIIII 

ilium 

iiiiiiii 


mini 
iiiimm 

mil 

mini 

mini 

mini 

iiiiiiii 


iiiniimim 

iimni 

■mini 

miniimu 

mini 

rnimini 

miniKum 

mini 

$■1111111 

miiiimumini 

■mini 

iiiininBh 

siiiiii 

■mini 

iiunimM 

nm 

■mini 

liinnSB 

IIUII 

■mini 

mm 

■mini 

minima 

HIM! 

■mini 

ill 

inimM 

nine 

■mini 

iiiiimb 

mm 

■mini 

ininimM 

min 

nmiiii 

minimi 

mill 

■iiiJll 

minimmi 

mill 

■mini 

Too  60 


-JU1LL 
10  6 


1  0.6  0.T  0.06 

DRAIN  SIZE  IN  MILLIMETERS 


_ __0RAVEL _ _ SAND  _ ' 

caMit  T _ rjift _ connoc  I  TittiTiffl  I _ MnC _ “  _ 


SILT  OR  CLAY 


CLAOOIf ICAtlOM 


SANDY  CI.AY  (Cl.),  IlKnWN 


PROJECT  00T  II  FT.  CARSON.  CO 
165,  A 6 


GRADATION  CURVE 


00R [NO  NO.  0-4-03 
OEPTH/EUV  43CM 


SAMPLE  NO.  3-3 
DATE  07  NOV  03 


PERCENT  CORRSER  BT  HEIONT  PERCENT  COARSER  BT  HEIONT 


PERCENT  FINER  BY  HEIGHT 


IIIJIIMUU 
IIIIIIHM 

Eiiiiihh 
Eiiiiiuh 
Eiiiiiim 
iiiiiihH 
Eiiiiiim 
iiiiiim 
EiiiiiuB 

IIIHIHI 
IIIIIIM 

iiiniiai 
IIIIIIHI 
IIIIIIIBI 

iiiii  in 

IIIIIIH: 


ihiiii 

iiiiiii 

mini 

mini 

iiiiiii 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 

IIIIIII 


IliIttHBil 
IIIIIIIM 
IIIIIIIM 
IIIIIIIM 
IIIIIIIM 
IIIIIIHI 
IIIHIHI 
IIIIIIIBI 
IIIIIIIBI 
IIIIIIIM 
IIIIIIIBH 
IIIIIIIBI 
IIIHIHI 
IIIHIHI 
IIIHIHI 


■IIUIIUM 
IIIIIIHM 
IIIIIIHM 
■IIIIIIHM 
fiHIIIIUM 
WIIIIHBI 
lll'IIMM 
IIIIMHI 

iiiihhm 

■lllllHBH 
IIIIIIHSII 
IIIIIIHM 
IIIIIIHM 
IIIIIIHM 
IIIIIIIHHI 
IIIIIIHM 


IIIIIIHI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

IIIIIIIBI 

!'!!HIHI 

IIIIISIHI 

IIIHIHI 


llllll 

mill 


classification 

SANDY  CLAY  (CL),  BROUN 


-5  — - - 1  0.5  0.1  O.Oti 0-01  O.OOB 

0RA1N  SIZE  IN  MILLIMETERS 


GRADATION  CURVE 


8ILT  OR  CLAY 


PROJECT  DOT  II  FT. 

CARSON.  CO 

90,  37 

BORING  NO.  8-4-83 

SAMPLE  NO.  S-7 

DEPTH/ELEV  46CM 

DATE  07  NOV  83 

IB 

HMIHftH 

HfliiHIHBBUBBilllllllBBIBHIIIIIIMBiflBI 

IB! 

BIIIIIIH 

l^llllll 

BBHIIIiIIBHMIIHIIBHMIIHIIHBIM 

IB 

BIIIIIH 

Biiiifli 

BIIIIICBHMIinilBHBHIIIIlIBHM 

IB 

1 

^BIIIIIIH 

Biiim 

MIIIIIIKHMIIHIHHMIIHIIHHM 

IB 

BIIIIIIH 

iiiiiii 

■IIIIIHIIHHIHIHHBMIUIHHMI 

IB 

millllB 

Biiiiii 

■BIIIIIIBHl'MIIIIIIHBIMIIHIIHHBH 

II 

IIIIIIIH 

Biiiiii 

IIIIIIIBmmillllH  BIIIIIIHHM 

■1 

BIIIIIIH 

Biiiiii 

BIIHIHHKIIIIIHHMIIHIIHBIM 

II 

! 

HBIIIIIU 

biiiiii 

BIIIIIIBHMI2IIIHBIMIIHIIBBIM 

II 

: 

BIIIIIIH 

Biiiiii 

mHlllIBHBHIIlHHBIMIIHIHHM 

II 

SMIIIIH 

biiiiii 

BlllllIBHBHIlimHHMIlllllHHM 

II 

l 

BIIIIIIH 

Biiiiii 

HHIIHIBBIMIIHhSBHHIIIHIUHBH 

11 

' 

MIIIIIIH 

j£BI||||| 

■IIHIHHHIIIIHSMIHIHMM 

■I 

1 

BIIIIIIH 

Biiiiii 

BlllllIBHMIllllIBHHnilHimM 

JLLLLL 

100  so 


s  1  o.s 

GRAIN  SIZE  IN  MILLIMETERS 


LL23 

PL  14 

|B^I;i:h*ii 


CONT. 


classification 

SANDY  CLAY  (CL) .  BROUN 


GRR0RT I  ON  CURVE 


PROJECT  DOT  II  FT.  CARSON .  CO 
60,  25 

BORINO  NO.  8-4-83  SAMPLE  NO.  S-8C 

OEPTH/ELEV  47CM  DATE  07  NOV  83 


B33 


PERCENT  FINER  BT  WEIGHT 


liiiiiim 
gllllllM 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 

! jllllllll 
lllllllll 


fpiiiiiii 

IIIIIIIM 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
lllllllll 
IIIIIIIM 


HWHIIHHHUIIIIH— llllllll 
llllll■■■MIIIII■■MIIIII■l 
iiiSHIIHHUIIIIIIHmillllll 
lUlllhBHHHIIIIIIIHHWIIIIIII 
IIIIIIIIIPMIIIIinHIIIIIII 
lllllim*HIIIIIIIHHHIIIIIII 
IIIIIIIIHM^IIIIIIIMHHIIIIIIII 
IIIIIIIIHHBi^llllHHillllllll 
IIIIIIIMHHIIU!IIIHHIIIIIIIII 

iiuiiiihmiiiuihmiiiiiii 

IIIIIIIIHHIIIIIIIt^HHHIIIIIIII 

. . 

iiiiiiiiHmimiinmiiiiiii 

iiiiiiiihmiiiiiiihmhhhi 


to  5  1  0.6  0.1  0.06 

ORAIN  SIZE  IN  MILLIMETERS 


COBBLES 


LLU-LL-LJ  I  linn 
0.01  0.005  o.ooi 


SILT  OR  CLAY 


PL  26 

p‘  in 

03  2.04  j 

NfiT  U.Z 

CLASSIFICATION 

SANDY  SILT  (MI.),  CRAY:  mil  CRAVF.I. 

INSUrFICIENI  SRHFLE  FOR  RCCURRTE  CRADAT10N 


GRflOflT I  ON  CURVE 


PROJECT  DOT  II  FT. 

CARSON,  CO 

M,  FIELD 

BORING  NO.  8-1 5-83 

SAMPLE  NO. 

APO-1 

OEPTH/ELEV  SURFACE 

DATE  07  NOV 

83 

U.l.  8TAN0AA0  SItVl  OrCNlNO  IX  INCMH 

4  S  7  t(  I  (  ( 


JUIIIIUI 

IIIIIIMI 

hiiiiihi 

IIIIIIHI 

ilium 

IIIIIIHI 

IIIIIIHI 


IMIiMI 

mm 

mm 


U.l.  a  TAMO  (WO  Sieve  Mmac»i 

70  100  140  200 


muSSfl 


MYDROrlETER 


illl 


HIS 


_ 1 _ ILLLLLI 

1  0.8  0.1  0.05 

DRAIN  SIZE  IN  MILLIMETERS 


NAT  U.lt 


0.01  0.005 
SILT  OR  CLAY 


CLASSIFICATION 

SANDY  CLAY  (CL) ,  TAN 


CRflOBTICN  CURVE 


PROJECT  OOT  II  FT.  CARSON.  CO 

BOR  INC  NO.  8-15-83  SAT1PLE  NO.  APO-2 
OEPTH/ELEY  SURFACE  CATE  07  NOY  S3 


B34 


PERCENT  COARSER  BY  HEIGHT 


